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INTRODUCTION
Of current and outstanding interest in the industrial world of 
today are those problems related to the teaching, the acquisition, 
and the measurement of skill. The importance of the subject is 
reflected in the many studies which educational institutions, in­
dustrial organizations and psychological laboratories have made 
relative to the nature of skill.
All of these investigations are concerned with the time required 
to accomplish a specific task and with the manner in which varying
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conditions can affect such time values. However, practically all 
investigations to date, have been concerned with the total or cycle 
time required for performance of a specific task, and have given 
only limited attention to the time required for performing the 
various therbligs1 of which any task consists. The present in­
vestigation has taken this further step, and has been directed pri­
marily at study of the change in therblig time values resulting 
from practice in performing an industrial task.
PURPOSE
The various aspects of the study on which information was 
sought are given below.
(1) to study the effect of practice on a typical factory operation carried 
on under laboratory conditions,
(2) to study the learning curves of the various elements of the operation 
as they were performed by each of the different subjects,
(3) to study the consistency between subjects in learning the same element,
(4) to study the effects of “ speeding”  and ‘ ‘ soldiering, ’ ’
(5) to study dispersion and its relation to the average performance time,
(6) to study the effects of fumbling on the normal learning curve,
(7) to study the several ways in which a transport load and pre-position 
element was performed,
(8) to examine the effectiveness of several rating techniques on data of 
known quality,
(9) and finally, to study the effect of practice on the relation of eye move­
ments to hand motion.
TRANSITION FROM PURPOSE TO METHOD
In order to study the effects of learning on the elements of an 
operation or industrial motion cycle, it was regarded as most 
feasible to set up under laboratory conditions the operation of 
feeding parts to a punch press. This motion pattern was selected 
primarily because:
(1) It is an extremely common motion pattern in industry, being very 
similar to punch press work as well as to other operations such as 
feeding parts to tapping machines.
(2) I t  is short and thereby offers the opportunity for a high degree of 
learning in comparatively little time.
(3) It is a complex operation requiring co-ordinated action of both hands,
i Work has been arbitrarily divided into eighteen common elements called 
therbligs. For further information, see Motion and Time Study by Ralph M. 
Barnes, Chapter VI, (Second Edition) John Wiley and Sons, Inc., New York, 
1940.
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Fig. 2. One cycle of the operation.
These pictures were taken by a motion picture camera. The camera speed 
was 1,000 exposures per minute which means that frame No. 1 was taken 
one thousandth of a minute before frame No. 2, and that the action occurring 
between any two consecutive pictures took place in one thousandth of a 
minute. The cycle pictured here was taken of Subject No. 6 after 12,550 
cycles of practice.
the eyes, and one foot (for pressing a pedal). This complexity offers 
opportunity to study the acquisition of skill over a variety of elements.
The part being fed into the punch press was a relay spring 
(See Fig. 4).
The operation was performed by grasping a relay spring from
http://ir.uiowa.edu/uisie/22
the supply tray by the left hand. The left hand then turns the 
spring so that it may be grasped properly by a pair of tweezers. 
The tweezers are held in the right hand and accordingly then the 
part is passed from the left hand to the tweezers in the right hand. 
The right hand locates the part in the die, releases hold of the 
part, and returns for another part. As the right hand reaches for 
the next part, a pedal is pressed which ejects the part at the back 
of the die.
In considering the most economical motion pattern for this work 
it was found that the left hand should be pre-positioning one part 
while the right hand is locating a previously grasped part in the 
die. In chronological order then the operator,
(1) selects a part on the supply tray and directs his left hand to grasp it,
(2) then he focuses his eyes on the die and directs the tweezers in his 
right hand in locating that part (held by the tweezers) into the dio,
(3) and when the part is located in the die he shifts his attention back to 
the le ft hand which is holding a part and he then grasps it by the 
tweezers in the right hand.
Figure No. 2 shows one cycle of the operation. Frames 3 to 6 
show the left hand reaching for a selected relay spring. Then the 
attention shifts to the die to locate the part held by the right hand, 
frames 6 to 12. During this time (frames 6 to 12) the left hand 
is pre-positioning the next part for the tweezers. Now reverting 
to the part held in the tweezers, when this part is located in the 
die the tweezers in the right hand reach for the part held by the 
left hand. And as the right hand is reaching the pedal is pressed, 
ejecting the part from the die. The attention at this time is di­
rected in transferring the part from the left hand to the tweezers 
in the right hand, frames 13 through to frame 2.
Figure 3 is a schematic diagram showing the paths of the hands, 
and the points of fixations of the eyes as laid out over the work­
place.
Path of Left Hand
Visual Pattern--------
Path of Rinht Hand-
http://ir.uiowa.edu/uisie/22
The motion pattern as described to the subjects appears on
page 15.
LABORATORY EQUIPMENT
The Equipment Used in Performing the Motion Cycle
The equipment was made and arranged so as to impose on the 
subjects the same demands and limitations surrounding the motion 
pattern of punch press work in an industrial shop. The part 
(Pig. 4) used in the laboratory study was in the same condition 
as when used in the shop. It was irregular in shape but all in one 
plane.
.205"
( 1---
------- lS ------------1-------
---------------------------------------4.15"
.0285"
♦
4
Fig. 4. Relay spring.
The laboratory equipment does not “ process” the part. The 
part is merely located in the die, as though to be formed, and then 
ejected without being formed. Two hundred and fifty parts were 
thus used over and over again during the run of the experiment.
A pair of aluminum punch press tweezers,2 %2" thick and l - Y/>" 
long, exactly the same as used in the shop for this operation were 
used in grasping the part from the left hand and then placing the 
part in the die. In order to record the opening and closing of the 
tweezers, a six volt circuit was completed at the instant the tweezers 
closed. This circuit working through an electric relay operated 
one of the pencils on the kymograph.3 To do this the tweezers 
were cut, midway on one side, then rebuilt but with the metallic 
pieces separated by a piece of fiber as an insulator. By making 
a series connection to both points of the tweezers the kymograph
2 Tweezers are used in punch press operations to keep the operator’s hands 
away from the dies; the tweezers are made of aluminum so that in case they 
are caught in the die, the metal will give rather than splinter and fly. In 
the shop however, there is one additional safety device, that is, the bar which 
tends to push the hand and arm away from in front of the die entrance, this 
safety action precedes the forming operation of the press.
3 See page 9—Equipment used for measuring and recording time.
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pencil (see page 10) would jog laterally on the tape when the 
tweezers closed; when the tweezers released the part opening the 
circuit, the pencil would jog back to its original position. The wire 
connection and the splint were bound with tape and apparently 
had no effect on the operation of the tweezers.
The die used in the study was made in the Iowa Mechanical 
Engineering Laboratory and was similar to common shop dies. 
Three, bullet-nosed pilot pins were used to locate the part in the die. 
The die operated by a cord attached to the foot pedal in such a 
way that when the subject pressed the foot pedal, as a shop 
operator would to trip  a press, the die rotated 180°, ejecting the 
part with a loud thump, as the die hit the stop.
The pedal also operated a Yeeder counter, used primarily to 
keep a count of the cycles of practice during the practice periods. 
A cord from the pedal to the arm of the Yeeder counter accom­
plished this result.
The pedal itself was made of a piece of wood with a hinge under 
the heel end. The location of the pedal, in conjunction with the 
workplace, was made by trial and adjustment, so that the pedal 
was located where it was easily operated, slightly to the right of 
the center line of the workplace, pointing a few degrees out. (See 
Pig. 1)
The chair used was one of the adjustable type, more accurately 
described as a work stool with back. (See Fig. 1)
The supply tray (Fig. 2) for parts was a wooden tray  8 "x 8 "  
located to the left of the die and close to the front edge of the 
workplace. Grasping parts from this tray  was quite similar to 
grasping parts from the bolster plate of a punch press. The tray 
had a capacity for more than the 250 parts used.
The die was set up on a stand so that it was four inches (4") 
above the table top on which the entire workplace was made. (See 
Fig. 1)
The laboratory equipment, although of a different general ap­
pearance from a punch press, did cause similar muscular move­
ments, visual movements and fixations, and similar attentive 
processes. In  the most skilled stage the subjects took more time 
per cycle than do highly skilled shop operators, but this time was 
divided among the various therbligs in approximately the same 
proportion as was found in films of shop operations.
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Fig. 5. The kymograph.
Equipment TJsed for Measuring and Recording Time
The kymograph shown in Fig. 5 is a device for measuring and 
recording time to one hundred thousandths of a minute. This 
machine was built in the Industrial Engineering Laboratory at 
the University of Iowa. Narrow paper tape is drawn across the 
kymograph table and under solenoid-operated pencils by means 
of two rollers driven at uniform speed by a synchronous motor.
Opening and closing electric circuits by means of photoelectric 
cells and switches causes the pencils to move laterally, making jogs 
in the lines drawn on the moving strip of paper (see Fig. 6). The 
tape travels at a uniform velocity of 1,914 inches per minute.
http://ir.uiowa.edu/uisie/22
Four pencils4 were used for recording time in this study. The 
work of the left hand was divided into three elements, the work of 
the right hand into three elements, and the work of the foot into 
two elements. Fig. 7 is a reproduction of the record made by the 
solenoid-operated pencils for one cycle of the operation.
pencils on the kymograph.
Pencil A —As the left hand reached oyer the front edge of the supply tray, 
a flat beam of light focused on photo-electric cell X  in Fig. 6 
was interrupted. This caused the solenoid-operated pencil A to 
make the first jog in line A (Fig. 7), marking the beginning of 
the grasp therblig. After the le ft hand grasped the part and 
moved out of the beam of light the pencil returned to its original 
position making the second jog in line A and marking the end 
of the grasp therblig.
Pencil B —Pencil B was actuated by the opening and closing of the tweezers 
held in the right hand. The first jog in line B was made as the 
tweezers closed on the part. Thus by measuring the distance 
between this jog and the first jog in line A by a specially 
calibrated rule the time for the left hand to release the part 
and move to the supply parts, (RL&TE), was computed.
The right hand then carried the part to the die and positioned 
it between the locating pins. At this point the tweezers opened 
and the 6 volt circuit was interrupted making the second jog 
in line B.
4 A fifth pencil was hooked in the series so that when moving pictures were 
taken, a particular series of cycles being recorded by the kymograph could 
be identified by the moving pictures. By pressing a button on the workplace 
a 110 volt small bulb flashed in the moving picture field and at the same time 
the fifth pencil moved on the tape. This system of analyzing and co-ordinating 
was not used, although the tape data was so recorded.
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The tweezers were then brought back and as they closed on 
the next piece the third jog was made in line B. The distance 
between this jog and the second jog in line A gave the time 
required for the left hand to carry the piece up to the tweezers 
and hold it while the tweezers grasped it (TL&H).
Pencil C—Pencil C was actuated by the beam of light passing one-half 
inch in front and just above the die and focused on photo­
electric cell Y (see Figs. 6 and 7). As the piece carried in the 
tweezers to the die interrupted the beam of light, pencil C made 
the first jog in line C marking the end of the TL&D for the right 
hand and the beginning of the P,A&RL for this hand, that is 
the time during which the right had positioned the piece in be­
tween the locating pins, dropped it into place, and let go of it. 
The end of this group of therbligs was marked by the second 
jog in line B.
Pencil D—The pedal connected through a cam to a mercury switch actuated 
pencil D. When the pedal was depressed the switch was closed 
putting the first jog in line D. The distance between the second 
jog in line B and the first jog in line I) measured the delay 
between the instant the tweezers released the part and the time 
when the pedal started to move downward.
After the pedal has been completely depressed, turning the 
die through 180 degrees and discharging the piece, the pedal 
was released and returned to its original position by spring 
action, opening the switch and placing the second jog in line D. 
The distance between these two jogs was a measure of the time 
to discharge the piece, or the TL&TE of the foot.
The Camera cmd Projecting Equipment
Motion pictures were taken by the Eastman Special and Bell 
& Howell 70-E cameras. Shades over the photoelectric cell were 
used to protect the photo cells from the bright lights needed for 
making the motion pictures.
Color pictures were taken of one girl, Subject No. 3, for demon­
stration purpose. Black and white pictures were taken of one boy, 
Subject No. 4, for the purpose of frame by frame analysis.
The pictures were taken at 1,000 frames per minute with the 
camera always started on a full wound spring. These cameras were 
checked, showing that an error of not more than 2% occurred from 
full wound spring to the automatic stopping point.
For film analysis a Bell & Howell Projector equipped with a 
hand winding device and frame counter was used.
http://ir.uiowa.edu/uisie/22
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Comparing Time Data as made by the Kymograph and 
as made by the Motion Picture Equipment
At the time the apparatus was completed the therblig combina­
tions were carefully considered as to definitions of the elements 
of work. This group of definitions is included in this section of 
the report since they clarify the use of the kymograph measure­
ments.
Because a finer elemental breakdown was possible when analyz­
ing the film, as compared with kymograph elements, a separate 
set of definitions was evolved for the film data and this set of 
definitions is also included in this section of the report.
SCHEDULE OF PRACTICE AND SAMPLING PERIODS
It is generally recognized that short and frequent periods of 
instruction and practice produce greater skill in shorter time than 
longer and infrequent periods.5 This consideration was regarded 
as important in arranging the schedule which was for five hundred 
cycles a day, five days a week, Monday through Friday inclusive 
for the five week run.
The subjects individually were introduced to the training as 
follows:
(1) Each subject was taken to the workplace in the laboratory where he 
watched the instructor slowly perform four or five cycles.
(2) Then the operation was explained and the objective stated—that data 
were to be taken at predetermined times to show how each subject was 
learning.
(3) Then the equipment was described, how it worked, how it differed from 
the normal punch press operation, why tweezers were used, what 
happened to the part, that the observer would maintain the supply of 
parts, and other details.
(4) Then elements of the motion cycle were described—how the parts 
should be grasped from the supply tray, how the part should be placed 
in the die and how the next part should be grasped by the tweezers, 
how the pedal should be pressed, etc.
(5) Next the subject was seated at the workplace and taught to handle 
the tweezers, hold a few parts, and press the pedal. Then ten parts 
were put through slowly; this was regarded more as getting acquainted 
with the equipment rather than practicing.
s Industrial Psychology, Morris Yiteles, Chapter XIX, The Acquisition of 
Skill, p. 393. W. W. Norton & Co., N.Y. 1932.
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(6) Thus, acquainted with the workplace, the following instructions were 
read to each subject and any questions answered:
The left hand (LH) reaches to the supply area to grasp a relay spring. 
The thumb of the LH is placed on the front edge of the supply platform, 
and the first two fingers are placed on the hook end of the spring.
During the selecting and reaching for the spring, the eyes are focused on 
the spring, but as soon as the subject knows which part he is going to grasp 
and how he is going to handle the part, he looks up to the die to direct his 
right hand, (RH), to locate a previously grasped part which he is holding 
in a pair of tweezers. The RH locates the spring in the die, the hook end 
of the spring must be between two pilot pins, and the right, big hole must 
be located over the third pilot pin.
At the instant the spring is properly located, the subject opens the tweezers 
and reaches to the LH for the next part. Simultaneously, as the RH is drawn 
away from the die, the operator steps on the pedal to eject the part. A com­
plete right leg motion down and up is necessary.
During the locating of the part in the die by the RH, the LH turns the 
next part ready and brings it into the most convenient transferring area.
As the RH comes away from the die, or slightly before, the eyes shift to 
the spring in the LH to direct the RH in grasping the spring by the tweezers.
The part in the LH is held between the thumb and first two fingers and 
the part of the spring held is the hook end. The two-holed end of the spring 
is to the right with the curved end pointing slightly towards the die. The 
tweezers grasp the spring at approximately to the left of the two holes.
When the RII has control of the part in the tweezers, the LH lets go, the 
eyes shift to the supply area, the LH reaches to the supply platform, and 
the RH moves towards the die.
(7) The subject was then reminded of the co-operation expected, that he 
was to perform the cycle exactly according to instruction even though 
at first it might seem to be awkward, that consistent, conscientious 
effort was desired, and that rapid learning was anticipated.
(8) It was explained that a record of practice was to be kept. Each time 
a subject was to practice the counter number would be included in 
the records, the number of cycles to be practiced would be added to 
this, and the observer would stop the subject when he had performed 
the scheduled number of cycles. A decimal minute stopwatch was 
started as the subject started his run, and it was stopped when he 
had completed his last cycle. This time value was then taken as part 
of the records for the day. The stopwatch time and number of cycles 
practiced were used in finding the average time per cycle.
(9) Then the subject was instructed to do fifty cycles, that he should keep 
working until stopped.
(10) The second fifty cycles were then run with the kymograph connected. 
(Always before starting the kymograph the subject was allowed to 
work a few cycles to pick up "momentum”  or to get into rhythm.)
The schedule which each subject followed is given below.
http://ir.uiowa.edu/uisie/22
Laboratory
Days
1
No. o f Cycles 
of Practice 
50
No. o f Cycles 
for Sample 
50
Accumulative 
No. of Cycles 
100
2 500 600
3 450 50 1100
4 500 1600
5 500 2100
6 450 50 2600
7 500 3100
8 500 3600
9 500 4100
10 500 4600
11 450 50 5100
12 500 5600
13 500 6100
14 500 6600
15 500 7100
16 450 50 7600
17 500 8100
18 500 8600
19 500 9100
20 500 9600
21 450 50 10100
22 500 10600
23 500 m o o
24 500 11600
25 500 12100
26 450 50 12600
The Practice Periods were accurately timed for two reasons.
(1) To provide data to show whether the time for the sample was con­
sistent with the average time for Practice Periods.
(2) To have data available to show the subject his progress from day to 
day and thus keep his attention directed to performing better from 
day to day.
A daily average of all subjects was posted for all subjects to view.
A Daily Record was kept regarding the details surrounding the 
Practice Periods and Sample Periods. I t  included the following 
data:
1. Study Number
2. Date
3. Time of Day
4. Temperature
5. Humidity
6. Number of Cycles (counter readings and addition)
7. Time for Stop Watch
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8. Remarks regarding the subjects as illness, little sleep, observations on 
subject’s method, etc.
The Practice Periods were divided into two periods of two hun­
dred and fifty (250) cycles each, the time being taken on each of 
the two runs. On days scheduled for timing by the kymograph 
and camera the first run as a practice run was for two hundred 
and fifty (250) cycles, the second run was for two hundred (200) 
cycles and the third run was for fifty (50) cycles. When obtaining 
a sample of fifty (50) cycles by means of the kymograph, it was 
necessary to have the subject actually perform about seventy-five 
(75) cycles. The unrecorded practice amounts to not more than 
2%. I t is, however, about the same for each subject and for the 
purposes of this experiment believed to be of minor importance.
Definitions
Practice normally refers to the period of work in which the 
subject is diligently applying himself to learning the motion cycle 
as described.
Sampling refers to the use of the kymograph as a means of timing 
elements of cycle. I t  also includes taking moving pictures both 
for analysis in terms of the therblig times and as a means of 
sampling for demonstration purposes.
THE SUBJECTS
The six subjects who performed the work in these experiments 
were all students at the University of Iowa and undertook this 
work voluntarily in the interest of furthering a promising ex­
periment. A consideration of the physical makeup of these students 
leads to the conclusion that there is no significant difference be­
tween them and employees encountered as applicants for industrial 
work of this sort. The considerations leading to this conclusion 
will be outlined in more detail below.
Health and Personal Data 
Subject No. 1
Age —  20 years 
Weight — 126 pounds 
Height —  5' 5"
Sex —  Female
Health —  Good and normal
Vision — Farsightedness and astigmatism
Keystone Visual Test—High Score
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6Dexterity —
Jobs Held — 
Hobbies — 
Remarks —
Subject No. 2 
Age
Weight —  
Height —  
Sex —
Health —
Vision — 
Dexterity —
Jobs Held —  
Hobbies — 
Remarks —
Subject No. S
Age —
Weight —
Height —
Sex —
Health —
Vision —
Beginning Finish
of Study of Study
Tweezers — 50 pins 3.81 2.87
100 pins 7.13 5.55
Finger —  50 pins 4.09 3.63
100 pins 7.95 7.16
Salesgirl, Macy’s; Camp Counsellor 
Arts, crafts, and reading 
Majoring in psychology.
Applied consistent effort from day to day—did not work at 
a hard-to-maintain pace.
Wondered whether two fixations in the visual motion pattern 
instead of three would save time.
Was bothered for approximately one week while a former 
student imposed on her lodging quarters, which resulted in 
little sleep.
18 years 
120 pounds 
5' 7"
Female
Good and normal—History of many head colds which might 
alter efficiency
Keystone Visual Test—High Score
Beginning Finish
of Study of Study
Tweezers — 50 pins 2.69 2.28
100 pins 5.42 4.38
Finger — 50 pins 5.45 3.69
100 pins 9.90 7.36
None
Sailing
A student of psychology.
Applied consistent effort from day to day, although she did 
not work at a hard-to-maintain pace.
20 years 
130 pounds 
5' 7"
Female
Good health—slightly nervous type 
Farsightedness and astigmatism right eye 
Keystone Visual Test—Fair Score
sJohnson O’Connor Finger and Dexterity Test. "Born That W ay”  by 
Johnson O’Connor, p. 213-217, Williams and Wilkins Co., Baltimore, Md., 
1928.
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Dexterity Beginning Finish
of Study of Study
Tweezers — 50 pins 2.69 2.07
100 pins 5.19 4.17
Finger —  50 pins 3.26 3.35
100 pins 6.96 6.80
Jobs H eld— Typing and secretarial work
Hobbies — Piano playing
Remarks —  Student in home economies.
Started two weeks later than the rest, made a particularly 
good showing in the average cycle times, but when the others 
finished she seemed to lose interest.
Particularly high dexterity scores.
Subject No. 4 
Age — 21 years 
Weight — 155 pounds 
Height —  5' 9"
Sex —  Male
Health —  Good and normal
Vision — Nearsightedness
Keystone Visual Test—High Score 
Dexterity — Beginning Finish
of Study of Study
Tweezers —  50 pins 3.16 2.29
100 pins 5.76 4.39
Finger —  50 pins 4.71 4.73
100 pins 9.01 8.67
Jobs H eld— Carpenter
Production Control and Routing 
Hobbies —  Photography
Remarks —  Registered in the College of Engineering.
At times tried with particular effort, and at other times was 
satisfied with normal effort.
Subject No. 5 
Age — 21 years 
Weight — 145 pounds 
Height — 5' 8"
Sex — Male
Health — Good and normal
Vision — Keystone Visual Test—Medium Score
Dexterity — - Beginning Finish
of Study of Study
Tweezers —  50 pins 3.36 2.52
100 pins 5.90 4.74
Finger — 50 pins 3.67 3 51
100 pins 6.97 7.68
Jobs Held — Multigraph operator
Soda Fountain Manager
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Typist
Night Service Manager—Garage 
Hobbies — Playing a cornet
Baseball—on the back lot 
Remarks — Registered in the College of Engineering. 
Most consistent worker.
Applied himself to the best of his ability.
Subject No. 6 
Age —  20 years 
Weight —  155 pounds 
Height —  5' 10"
Sex —  Male
Health —  Good
Vision —  Keystone Visual Test—High Score
Dexterity —  Beginning Finish
of Study of Study 
Tweezers —  50 pins 3.95 2.25 
100 pins 6.68 4.97 
Finger —  50 pins 4.03 4.00 
100 pins 7.30 7.41
Jobs H eld—  Metal Finisher—one summer
Hobbies —  Hunting
Piano study for six years
Remarks —  Registered in the College of Engineering.
Applies himself well.
Some competition with Subject No. 5.
Generally the subjects appear to be in good health and normal.
The results of the Finger Dexterity Tests show that the subjects 
are within the range hired by industry. One of the tables7 is sub­
mitted and the location of the subjects is graphically indicated. 
This table was established when hiring 1,370 women for shop work.
Score (minutes)
from— 5.2 5.6 6.0 6.4 6.8 7.2 7.6 8.0 8.4 8.8 9.2 9.6 10.0 10.4
to—5.5 5.9 6.3 6.7 7.1 7.5 7.9 8.3 8.7 9.1 9.5 9.9 10.3 10.7 
No. of Cases 1 13 60 126 197 235 258 174 128 76 53 32 16 1
Subjects (Girls) # 3  # 1  # 2
Subjects (Boys) # 5  # 6  # 4
Although the intelligence level of the two groups may be dif­
ferent, no limitations are placed on the conclusions, because author­
ities8 generally agree that intelligence does not show any corre­
lation with the success on a manual repetitive operation. Con­
 ^Selecting Women for Work by E. G. Hayes, Personnel Journal, August 
1932.
s Industrial Psychology by Morris Viteles.
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sequently, even though the intelligence level of the two groups 
were different, the results would not be invalidated.
The age range for the subjects is rather narrow, ages of 18 to 
21, and it is lower than the average industrial age, but this range 
approximates the age zone at which many factory employees are 
hired.
The material describing these subjects is dwelt upon primarily 
as a means of identifying the subjects.
It is believed that so far as the results of this study are con­
cerned that the subjects are normal and comparable to shop work­
ers and that the conclusions thereof may be regarded as founded 
on normal workers.
RESULTS
The inclusion of all data for each subject is regarded imprac­
ticable because of the volume of it. Accordingly, the kymograph 
data for only one subject is included in this section of the report. 
The data of Subject No. 4 has been selected because only for this 
subject were film analysis data and kymograph data both obtained.
The symbols common in motion study are used in this report. 
The symbols, complete names and definitions are given on pages 
12 and 13.
INTERPRETATION OF RESULTS
The Difference Between Practice Period Performance 
and Sampling Performance
It is common practice to accept small, but carefully considered 
samples of data as representative of the population, and according­
ly to believe that the population is typified by the findings of the 
small sample. In considering how the sample compares with the 
other data, that is, in collating the averages from the Practice 
Periods with the averages of the Sample Periods, it was found that 
the subjects performed faster during the Sample Period. This may 
have resulted from:
(1) the noises that occurred in conjunction with the running of the kymo­
graph, the clicking of the relays, the buzzing of the solenoids, and 
the rumbling of the rollers pulling the tape. This may have had the 
effect of keeping the subject’s attention on the fact that this particular 
performance was establishing basic data, and thus it may have stimu­
lated him, or
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(2) the stimulation excited by knowing this was the particular data wanted, 
and in co-operation the subjects tried to exhibit their most advanced 
stage of performance, or
(3) both of these may have caused the faster performance.
Figure No. 8 shows graphically the average of the six subjects 
for the Practice Periods and Kymograph data. The sample com­
pared with the average of two Practice Periods, the one before 
the sample and the one after the sample, indicates a faster perform­
ance for the Kymograph Data as follows:
Differences at Stages o f Learning 
(Stage by Cycles)
75 1075 2575 5075 7575 10075 12575
Sample
Faster by 12.0% 6.3% 7.4% 4.0% 4.0% 7.2,% 3.6%
The kymograph data, however, have not been corrected for this 
difference.
jElimination of Abnormal Observations
In  the raw data it was noted that there were occasional observa­
tions far removed in value from the rest of the group. Such values 
have little effect on the average but have considerable effect on the 
standard deviation.9 To avoid the effect of these abnormal values, 
a refining process was applied to the data to eliminate each value 
more than two standard deviations removed from the arithmetic 
mean. The procedure was to—
(1) Compute the arithmetic mean.
(2) Compute the standard deviation.
(3) Eliminate from data all values more than two standard deviations dis­
tant from the arithmetic mean.
(4) Recompute the arithmetic mean; this figure is referred to as the Re­
compiled Average.
(5) Recompute the standard deviation of the refined data; this figure is 
referred to as the Recompiled Standard Deviation.
The average of the Recompiled Cycle Times is also shown in Fig. 
No. 8, and demonstrates that the extreme values were of the greater
9 The standard deviation is a common statistical measure of dispersion. By 
formula the standard deviation equals the square root of the average of the 
squared deviations from the arithmetic mean.
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kymograph data
S u b je c t Number  4 A fte r  P r a c t ic in g 50 C ycles
Wo.
L e ft Hand R ig h t Hand R ig h t FootÜLî TE G TL&H T o ta l TL&D P.A&RL TE&G T o ta l PD TUTE
1 1082 2322 2455 5859 2151 2443* 1263 5857 800 397
2 784 3313 1887 5984 3822 722 1440 5984 540 275
3 668 1631 2260 4559 2481 773 1305 4559 589 440
4 602 2439 2269 5310 3558 703 1049 5310 687 271
5 716 3173 3942 7831 3981 737 3115 7833 590 265
6 649 3298 7016* 10963 7931 683 2349 10963* 662 321
7 649 4686 1521 6856 3885 812 2163 6860 570 220
8 1080 749 2534 4363 2410 664 1291 4365 550 236
9 561 3854 2682 7097 5226 572 1298 7096 2813* 520*
10 700 2383 2338 5421 1483 2385* 1554 5422 2217* 332
11 936 2452 2802 6190 3749 421 2022 6192 586 355
12 959 6083*' 2519 9561 1467 455 7641* 9563* 973 245
13 693 68814‘ 1201 8775 1031 730 7013* 8774 389 430
14 728 4910 1392 7030 917 651 5465 7033 510 435
15 845 4250 1306 6401 1020 1167 4218 6405 3085* 262
16 753 3382 1592 5727 3147 750 1832 5729 762 348
17 755 3052 2989 6796 4755 608 1437 6800 505 304
18 656 3271 2302 6229 4531 230 1470 6231 603 499
19 596 1883 1034 3513 892 1040 1580 3512 654 301
20 760 2523 1664 4947 923 751 3273 4947 1817 262
21 788 4665 1355 6808 859 1166 4783 6808 549 247
22 2492* 841 1198 4531 1475 1371 1685 4531 1018 178
23 831 3435 2272 6538 4698 599 1242 6539 403 220
24 650 2300 1978 4928 2958 714 1250 4922 530 372
25 588 2068 1991 4647 2528 902 1211 4641 472 477
26 737 3319 1451 5507 851 510 4147 5508 2222* 411
27 1551* 475 1599 3625 1974 468 1189 3631 342 196
28 572 2980 1680 5232 3381 540 1312 5233 413 195
29 750 3239 746 4735 2308 1145 1285 4738 391 ¿83
30 689 3950 1300 5939 1079 661 4200 5940 1340 251
31 590 921 5299* 6810 1770 3151* 1888 6809 580 342
32 650 2749 931 4330 850 962 2517 4329 539 273
33 528 1997 2150 4675 931 2600* 1140 4671 453 259
34 560 4109 2119 6788 4529 597 1659 6785 408 202
35 1068 7591* 1499 10158 7531* 570 2061 10162* 609 214
36 900 840 2858 4598 1839 631 2130 4600 681 222
37 379 2620 2127 5126 3180 599 1348 5127 430 234
38 568 1855 2058 4481 2717 516 1240 4473 480 377
39 639 1158 2281 4078 1943 726 1409 4078 423 371
40 599 2226 741 3566 1502 482 1581 3565 829 237
41 511 1387 2338 4236 2003 615 1624 4242 572 352
42 724 2399 963 4086 838 649 2600 4087 438 400
43 724 1293 3377 5394 3102 642 1648 5392 417 302
44 561 3060 2394 6015 3664 812 1537 6013 714 250
45 627 2035 2257 4919 1791 1508 1613 4912 597 374
46 991 3001 889 4881 881 943 3060 4884 1249 281
47 893 1949 3274 6116 3269 1744 1099 6112 401 270
48 829 2969 2109 5807 902 3579* 1324 5805 548 365
49 843 4717 1123 6683 1112 680 4892 6684 1027 375
50 1869* 4493 833 7195 868 751 5574* 7193 390 638*
T o t. 39873 147076 104895 291844 126693 48130 117026 291849 39367 15886
Ave. 797 .5 2941.5 2097.9 5836.9 2533.9 9 62 .6  :2340.5  5837 .0 787.3 31 7 .7
Time in  Hundred Thousandths o f  a M inu te .
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KYMOGRAPH DATA
S u b je c t Number 4 A f te r  P r a c t i c in g 1 ,0 5 0  Cy c le s
L e ft Hand ________ _________ R ig h t Hand__________  R ig h t Foot
No. RL&TE G TL&H T o ta l TL&D .P.A&Rl TE&G T o ta l PD TL&TK
1 669 1096 1950 3715 1909 774 1030 3713 253 208*
2 527 2270 695 3492 1396 831 1265 3492 322 331
3 684 2461 794 3939 1647 1004 1286 3937 593* 313
4 626 2154 728 3508 1672 800 1032 3504 238 300
5 521 1521 678 2720 1281 345 1093 2719 357 366
6 576 1262 1895 3733 2036 580 1118 3734 299 377
7 639 2209 712 3560 1713 743 1100 3556 229 318
8 598 1030 1930 3558 1519 775 1263 3557 270 341
9 652 2013 894 3559 1853 516 1190 3559 327 500
10 610 1832 1400 3842 1658 378 1810* 3846 374 401
11 580 1976 626 3182 1555 510 1111 3176 269 532
12 548 982 1762 3292 1574 490 1230 3294 487 389
13 640 1430 1834 3904 2255 553 1093 3901 377 402
14 851 1512 1321 3684 1663 679 1347 3689 259 412
15 644 2667 1952 5263 3709* 367 1187 5263* 268 387
16 689 1501 3149* 5339 2500 1264 1574 5338* 498 385
17 629 1837 1824 4290 2652 315 1320 4287 421 425
18 945 1128 1741 3814 2123 456 1238 3817 291 487
19 819 1619 1780 4218 2568 393 1260 4221 308 439
20 493 911 2000 3404 1617 558 1235 3410 392 538
21 553 1577 1482 3612 2164 169 1281 3614 423 435
22 538 1044 1709 3291 1833 319 1139 3291 319 518
23 619 839 1738 3196 1727 217 1255 3199 391 490
24 599 1333 1615 3547 1784 271 1493 3548 521 721*
25 834 1315 2211 4360 2889* 473 1000 4362 275 507
26 641 2168 686 3495 1423 1022 1045 3490 270 512
27 1582* 2196 872 4650 2482 932 1238 4652 378 479
28 600 2312 1376 4288 1511 1093 1681 4285 211 401
29 550 1963 1033 3546 1538 579 1430 3547 278 413
30 571 1580 1821 3972 2340 425 1210 3975 562* 331
31 Ô29 1750 823 3202 1396 615 1191 3202 419 508
32 648 1361 1688 3697 1449 984 1263 3696 281 422
33 762 1658 912 3332 1766 361 1205 3332 336 523
34 609 2418 840 3867 1491 1330 1042 3863 187 418
35 568 1658 1357 3583 1757 558 1265 3580 579* 294
36 520 1326 924 2770 1352 368 1050 2770 274 443
37 421 2103 597 3121 1778 393 949 3120 265 483
38 391 1781 980 3152 1384 511 1260 3155 252 449
39 692 1953 829 3474 1549 920 1001 3470 190 463
40 365 1693 595 2653 1166 449 1039 2654 290 490
41 559 1283 1688 3530 1786 742 999 3527 238 529
42 543 2450 678 3671 1732 951 985 3668 129 472
43 450 1851 734 3035 1368 401 1268 3037 328 458
44 309 1893 619 2821 1182 608 1031 2821 276 429
45 380 1371 4966* 6717 1738 3415* 1560 6713* 610* 523
46 430 1551 29 76 4957 2135 633 2190* 4958 281 440
47 677 2558 738 3973 2286 628 1059 3973 219 486
48 390 1027 1711 3128 1458 479 1192 3129 260 481
49 358 2419 672 3449 1489 919 1038 3446 198 470
50 418 2000 2176 4594 1515 1051 2023* 4589 287 681*
T o t. 30146 85842 70711 :L86699 90368 34147 62164 186679 16359 22120
Ave. 602.9 1716.8 1414 .2  3 7 3 4 .0 1 807 .4 682.9 1243 .3  37 33 .6 3 2 7 .2  442 .4
Time in  Hundred T housandths o f a  M inu te .
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KYMOGRAPH DATA
S u b je c t Number 4 A fte r  P r a c t ic in g  2 ,5 5 0  Cy c le s
L e f t Hand__________  _________ R ig h t Hand__________  R ig h t Foot
No. RL&TE G TL&H T o ta l TL&D P,A&RL TE&G T o ta l PD TL&TE
1 790 1540 1048 3378 1597 636 1145 3378 109 510
2 521 1723 1250 3494 1410 487 1599 3496 118 577
3 619 1578 950 3147 1381 439 1329 3149 159 603
4 574 2080 994 3648 1699 834 1111 3644 108 636
5 553 2250 433 3236 1392 988 855 3235 64 579
6 518 1911 2080 4509 1723 1261 1521 4505 126 540
7 470 2301 1228 3999 1340 1092 1568 4000 102 666
8 511 1622 998 3131 1226 700 1208 3134 156 623
9 548 1898 506 2952 1285 687 980 2952 142 608
10 548 1359 1767 3674 1850 690 1130 3670 148 630
11 471 2587 710 3768 1641 1018 1107 3766 126 587
12 471 1304 3640* 5415 1279 2870* 1270 5419* 150 647
13 533 1755 1118 3406 1114 640 1651 3405 113 592
14 469 1771 624 2864 1182 571 1111 2864 116 566
15 459 1877 1253 3589 1293 900 1392 3585 145 639
16 377 1974 633 2964 1045 767 1170 2982 150 599
17 550 1061 1696 3307 1482 815 1011 3308 121 594
18 418 1483 1013 2914 1053 639 1221 2913 151 537
19 466 1846 724 3036 1075 910 1049 3034 47 570
20 489 2140 941 3570 1263 1108 1196 3567 170 2220*
21 463 1530 860 2853 1352 369 1131 2852 199 607
22 362 2014 1437 3813 1288 898 1629 3815 122 609
23 609 1929 1075 3613 1430 777 1403 3610 141 621
24 460 1320 1610 3390 1555 871 962 3388 198 720
25 555 2238* 750 3543 1253 1160 1129 3542 213 609
26 473 1032 1990 3495 1337 966 1189 3492 157 661
27 414 2020 917 3351 1392 839 1119 3350 212 737
28 531 2296 1168 3995 1493 1462 1039 3994 101 721
29 722 1029 1878 3629 1709 925 992 3626 160 720
30 611 1543 615 2769 1305 502 961 2768 219 692
31 513 1641 1553 3707 2295* 431 985 3711 167 578
32 491 958 1581 3030 1391 412 1227 3030 201 709
33 510 1161 2340 4011 1842 393 1772* 4007 200 748
34 654 1100 1581 3335 1339 395 1601 3335 392* 739
35 490 1280 2363 4133 1630 1367 1132 4129 200 708
36 453 1411 1431 3295 1740 659 899 3298 205 638
37 532 831 1599 2962 1217 520 1230 2967 672* 743
38 343 2600 1070 4013 1705 978 1330 4013 400* 691
39 723 1309 2029 4061 1853 1131 1079 4063 198 807
40 527 1554 445 2526 1238 450 838 2526 300 398
41 516 1992 698 3206 1330 680 1193 3203 380 605
42 600 2172 546 3318 1253 1004 1062 3319 80 462
43 499 1612 570 2681 1195 540 944 2679 189 507
44 472 1459 780 2711 1056 451 1204 2711 221 564
45 594 2050 1064 3708 1378 1252 1078 3708 183 470
46 570 2780* 588 3938 1320 1583 1032 3935 173 530
47 532 2397 454 3383 1263 1157 961 3381 182 900
48 501 2001 619 5151 1232 959 962 3153 221 390
49 541 2516 2207 5264 1710 1441 2114* 5265* 214 537
50 1379* 1457 655 3491 1915 420 1153 3488 170 497
T o t. 26995 87322 60079 174396 71346 43044 59974 174364 9191 32441
Ave. 539 .9 1746.4  1201.6 3487.9 1426.9 8 6 0 .9  :1199.5 3487 .3 18 3 .8 648 .8
Time In  Hundred T housandths o f  a M inu te .
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KYMOGRAPH DATA
S u b je c t Number 4 A f te r  P r a c t ic in g 5 ,0 5 0  Cy c le s
L e ft Hand__________  _________ R ig h t Hand R ig h t Foot
n TTT #,U rPrt+<-. 1 rrrr C.r> t-> «»titIJo. RL&TE G TL&H T o ta l TL&D :P.A&RL TE&G T o ta l PD TL&TE
1 449 1283 914 2646 1038 572 1035 2645 108 342
2 590 1435 1524 3549 1435 1019 1093 3547 149 331
3 716* 1655 1412 3783 1485 633 1667 3785 147 324
4 Ò30 787 1096 2513 922 703 887 2512 142 408
5 538 1286 855 2679 921 633 1121 2675 131 705*
6 474 1738 1229 3441 1315 1297* 828 3440 148 431
7 550 2843* 1744 5137 2080* 990 2072 5142* 229 360
8 653* 1032 1100 2785 1178 661 949 2788 158 330
9 518 1367 975 2860 981 480 1399 2860 247 359
10 50G 1465 1311 3279 1792* 540 947 3279 225 399
11 538 1278 1064 2880 944 644 1289 2877 284 462
12 494 1124 895 2513 1003 544 962 2509 100 334
13 474 1272 903 2649 930 621 1098 2649 90 380
14 679* 1683 908 3270 1648 607 1018 3273 89 329
15 448 1421 712 2581 1163 364 1052 2579 130 341
16 447 1602 1480 3529 1473 858 1198 3529 156 305
17 454 13 91 726 2571 1029 658 883 2570 150 408
18 462 1488 1204 3154 1091 777 1285 3153 229 349
19 537 1528 689 2754 951 774 1024 2749 133 316
20 432 2430* 1133 3995 2300* 683 1011 3994 203 314
21 480 1222 1579 3281 1094 1040 1145 3279 87 351
22 464 1575 1132 3171 1012 703 1452 3167 124 446
23 451 1629 815 2895 1238 546 1111 2895 203 302
24 462 2052 1238 3752 947 1063 1740 3750 149 337
25 481 993 1379 2853 1161 710 980 2851 147 317
26 411 1435 983 2829 1078 617 1134 2829 140 372
27 421 1283 728 2432 757 644 1029 2430 110 331
28 409 1686 1003 3098 1190 541 1369 3100 145 303
29 484 2642* 713 3839 1040 651 2149 3840 622* 516
30 673* 1172 3169* 5014 1334 750 2929* 5013* 489* 435
31 438 1298 1081 2817 1099 617 1096 2812 161 359
32 504 1897 523 2924 1028 956 939 2923 86 320
33 450 1522 752 2724 906 651 1169 2726 173 273
34 445 1663 683 2791 1220 537 1035 2792 132 286
35 472 1501 743 2716 897 648 1175 2720 155 390
36 446 2424* 773 3643 900 1685* 1054 3639 155 321
37 450 2319 825 3594 962 665 1965 3592 169 457
38 471 2486* 1563 4520 1130 912 2477* 4519* 153 324
39 470 1451 2205* 4126 805 632 2688* 4125 151 312
40 515 1376 884 2775 948 625 1200 2773 176 246
41 512 1521 650 2683 1091 661 932 2684 130 310
42 424 1366 611 2401 1085 456 861 2402 148 300
43 503 1381 1249 3133 1128 540 1468 3136 132 354
44 348 1082 812 2242 646 551 1042 2239 170 349
45 503 1321 1058 2882 1387 525 972 2884 131 649*
46 402 1598 928 2928 903 1062 962 2927 120 644*
47 525 1573 1755 3853 1240 708 1908 3856 143 367
48 396 1660 775 2831 1042 719 1068 2829 1010* 323
49 544 1515 1373 3432 948 876 1610 3434 161 361
50 401 1689 1132 3222 766 1337* 1119 3222 157 289
T o t. 24541 78440 54988 157969 56661 36686 64596 157943 9277 18471
Ave. 4 9 0 .8  1568 .8  1099.8 3159 .4 1133.2 733 .7  1291.9  :3158.9 1 85 .5  3 6 9 .4
Time in  Hundred T housandths o f a M inu te .
http://ir.uiowa.edu/uisie/22
S u b je c t Number 4
KYMOGRAPH DATA
A fte r  P r a c t ic in g 7 ,550  Cy c le s
TL&H T o ta l
R ig h t Hand
TL&D P,A&RL TE&G T o ta l
R ig h t F oo t 
H) TL&TE
1
2
3
4
5
6
7
8 
9
10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
T o t.
Ave.
447
307
417 
478 
478 
519 
444
471 
439 
480 
322 
450 
542 
402 
372 
348 
419 
371 
488 
542 
278* 
482 
645* 
799*
472 
431 
475 
460 
484 
538 
608 
537 
526 
510 
431
460 
398 
383 
501
461 
382
418 
442
473 
461 
446 
398 
431 
513 
431
1091
1565
1152
1266
1362
1323
1380
1169
1345
1345
1828
1157 
1202 
1284 
1880 
1597 
1261 
2631*
733
1113
892
2400
743
859
1152
1364 
1451 
1109 
1848 
1369
890
1478
1158
1365 
1541 
1380 
1359
943
871
1200
3256*
1292
2083
1194
1526
1499
1150
2899*
1343
1389
1073 
802
1960*
547
1185
420
790 
568 
692 
758 
476
1074 
678 
670 
515 
558 
882 
613
1033
849
1962*
1770*
1779*
730
1111
791
762 
1189 
1137
898
2232*
1082
534
628
1228
541
662
1061
1049
608
1223
533
763 
780 
629
1539
761
428
947
933
2611
2674
3529
2291
3025
2262
2614
2208
2476
2583
2626
2681
2422
2356
2767
2503 
2562 
3615 
2254
2504 
3132 
4652 
3167 
2388 
2735 
2586 
2688 
2758 
3469 
28C5 
3730 
3097 
2218 
2503 
3200 
2381 
2419 
2387 
2421 
2269 
4861 
2243 
3288 
2447 
2616 
3484 
2309 
3758 
2803 
2753
983
770
903 
928
1140
939
932
850
1191
913
1002
1068
1052
840
985
974
1000
1086
1059
1242
1171
1193
948
1153
948
1037
1230
1200
1474*
1167
846
1063
904 
999 
989 
934 
863 
928 
784 
941
1133
908
863
930
797
1013
732
1089
1078
964
580
990
516
578
380
557
440
525
331
528
818
537
389
631
492
347
640
350
311
288
1160*
713
561
451
894
503
552
577
799
431
443
491
384
679
1329
643
677
539
669
470
450
535
1003
433
894
610
700
426
931
986
1049
911
2106
785
1503
766
1241
832
951
1140
802
1079
982
887
1290
1187
919
2181
882
973
799
2741*
1660
783
895
1045
905
987
1192
1205
2441*
1541
926
823
883
801
880
923
969
860
3279*
798
1420
1085
923
1858
877
2242
796
804
2612
2671
3525
2291
3023
2262
2613 
2207 
2473 
2581 
2622 
2684 
2423 
2358 
£767 
2508 
2559 
3617 
2252 
2503 
3130 
4647* 
3169 
2387 
2737 
2585 
2687 
2764 
3465 
2803 
3730 
3095 
2214 
2501 
3201 
2378 
2420 
2390 
2422 
2271 
4862* 
2241 
3286 
2448
2614 
3481 
2309 
3757 
2805 
2754
161
118
160
143
187
202
159
194
179
262
111
192
161
130
211
183
157
283
250
203
174
209
138
90
100
130
243
130
170
127
177
165
245
141
155 
181 
153 
126 
183 
161 
188
156 
190 
169 
114 
148 
150 
230
408 
399
417 
317
368 
403 
410 
360 
402 
372
362
409 
350 
389
369 
382
363 
336 
358 
365 
369 
397 
349
418 
328 
388 
283 
369
418
419 
422
1047* 398 
232 371
418
424
360
349
347
433
377 
402
307 
342 
349
378 
416 
444 
438 
368
308
23010 70687 46433 140130 
4 6 0 .2  1413.7  928 .7  2802.6
50136 30161 59807 140104 
1002 .7  603 .2  1 1 96 .1  2802.1
9468 18928 
1 89 .4  3 78 .6
Time in  Hundred T housand ths o f  a M inu te .
http://ir.uiowa.edu/uisie/22
KYMOGRAPH DATA
S u b je c t Number  4 A fte r  P r a c t ic in g  10 ,050  Cy c le s
L e f t Hand_________  _________ R ig h t Hand__________  R ig h t Foot
Wo. RL&TE G TL&H T o ta l TLScD :P.A&RL TE&G T o ta l H) TL&TE
1 434 2219* 695 3348 1129 504 1713* 3346 178 492
2 500 1141 467 2108 915 420 773 2108 80 292
3 420 1470 752 2642 838 850 952 2640 117 300
4 428 1280 742 2450 1136 331 983 2450 226 221
5 420 1082 958 2460 1021 559 879 2459 228 381
6 449 1271 461 2181 905 298 975 2178 229 364
7 393 1522 650 2565 945 562 1059 2566 285* 244
8 461 1269 868 2598 989 421 1183 2593 159 313
9 469 1100 779 2348 961 392 993 2346 174 728
10 481 2181* 1057 3719 1149 1017* 1550 3716* 207 1163*
11 412 1238 715 2365 911 581 873 2365 129 563
12 345 1099 959 2400 1031 535 839 2405 142 504
13 330 1080 1090 2500 820 807 877 2504 174 362
14 520 2179* 771 3470 1299* 697 1473 3469 357* 309
15 461 1210 1629* 3300 1227 568 1503 3298 149 412
16 365 989 772 2126 775 559 793 2127 118 1168*
17 422 1303 593 2318 1049 375 897 2321 206 1590*
18 515 1376 712 2603 1058 538 1009 2605 231 630
19 379 1653 1145 3177 1408* 884 886 3178 191 254
20 422 1570 2143* 4135 1060 589 2489* 4138* 79 335
21 492 971 979 2442 961 795 685 2441 161 386
22 240 1150 836 2226 941 445 841 2227 150 309
23 317 1105 718 2140 899 437 809 2145 186 391
24 420 1058 907 2385 892 620 870 2382 188 410
25 329 1398 763 2490 871 768 851 2490 212 265
26 368 1009 1257 2634 890 909 832 2631 120 371
27 250 1511 384 2145 1041 359 747 2147 112 349
28 450 860 910 2220 973 325 920 2218 162 289
29 369 1124 684 2177 852 412 911 2175 156 370
30 242 1718 570 2530 1048 532 951 2531 211 419
31 420 1504 482 2406 1108 533 765 2406 120 369
32 370 1133 872 2375 1119 279 980 2378 243 263
33 337 1527 1019 2883 850 741 1291 2882 118 323
34 410 1452 469 2331 939 540 851 2330 164 232
35 331 1493 741 2565 1039 533 993 2565 157 383
36 216 1600 708 2524 1010 276 1244 2530 256 349
37 304 1672 1050 3026 813 800 1414 3027 171 380
38 285 1270 441 1996 779 390 828 1997 124 330
39 320 1375 981 2676 810 900 965 2675 220 382
40 539 1291 615 2445 1071 502 870 2443 110 353
41 345 1612 551 2508 1111 351 1042 2504 189 426
42 160* 1551 720 2431 1251 188 993 2432 215 371
43 315 1055 932 2302 1128 222 958 2308 178 289
44 289 1287 569 2145 1009 269 866 2144 148 324
45 306 1557 522 2385 1100 421 863 2384 150 298
46 371 1571 649 2591 933 838 820 2591 147 382
47 298 1898 509 2705 1098 490 1115 2703 150 370
48 208 2623* 641 3472 1200 1260* 1011 3471 165 317
49 267 1803 1174 3244 1191 352 1697* 3240 161 329
50 305 1116 610 2031 801 282 948 2031 272 288
T o t . 18499 70526 40221 129246 50354 27256 51630 129240 8775 2P942
Ave. 3 7 0 .0 1410 .5 8 0 4 .4 2584.9 1007.1 545 .1 1032.6 2584.8 1 7 5 .5  418.8
Time in  Hundred T housandths o f a M in u te .
http://ir.uiowa.edu/uisie/22
KÏ110GRAPH DATA
S u b jec t Number 4 A fte r  P r a c t ic in g  12,550 C ycles
No. RL&TE G TL&fl T o ta l TL&D P.A&RL TE&G T o ta l PD TL&TE
1 228 1820 765 2813 1171 602 1035 2808 84 436
2 279 1331 786 2396 869 633 896 2398 58 4063 338 947 935 2220 768 609 843 2220 110 348
4 402 1365 608 2375 723 747 903 2373 103 413
5 448 2630* 599 3677 1012 1878* 786 3676* 82 358
6 419 1479 946 2844 984 753 1105 2842 58 328
7 521 1849 438 2808 914 847 1044 2805 60 354
8 438 901 987 2326 864 565 897 2326 68 355
9 468 1154 652 2274 825 601 847 2273 70 327
10 343 2361* 413 3117 875 1210 1031 3116 83 327
11 405 1124 543 2072 848 423 802 2073 69 384
12 360 1178 874 2412 788 823 799 2410 98 310
13 221 1402 807 2430 959 441 1030 2430 56 364
14 262 1612 443 2317 992 369 955 2316 122 434
15 380 1547 581 2508 828 543 1137 2506 48 431
16 511 1058 613 2182 737 500 947 2184 54 370
17 385 2008 433 2826 940 1094 789 2823 122 360
18 349 1208 711 2268 782 621 866 2269 75 351
19 282 1182 683 2147 732 549 868 2149 80 422
20 1586* 1310 582 3478 1939* 600 940 3479 40 417
21 376 1450 421 2247 735 725 786 2246 129 389
22 452 1378 390 2220 869 573 775 2217 110 341
23 330 1950 433 2713 955 702 1052 2709 58 323
24 398 1128 689 2215 790 436 991 2217 34 422
25 1081* 2258 682 4021 727 794 2500* 4021* 132 281
26 398 2275 900 3573 893 1119* 1562* 3574 52 427
27 459 640* 1188* 2287 917 395 976 2288 83 358
28 399 1350 691 2440 746 888 809 2443 10* 601*
29 471 1361 699 2531 1030 437 1065 2532 160 346
30 312 1423 759 2494 890 629 977 2496 146 381
31 408 1235 923 2566 892 578 1096 2566 80 322
32 284 1439 689 2412 919 563 930 2412 63 401
33 419 1363 429 2211 865 520 823 2208 107 302
34 333 1498 565 2396 836 658 903 2397 107 320
35 391 1331 1008 2730 751 1029 954 2734 48 287
36 351 1364 597 2312 761 621 930 2312 88 330
37 314 1378 911 2603 698 852 1052 2602 186* 372
38 331 1819 653 2803 980 727 1095 2802 147 403
39 298 1901 766 2965 802 926 1236 29 64 58 388
40 484 1273 1511* 3268 1039 1022 1206 3267 118 328
41 420 1625 902 2947 1091 667 1188 2946 62 400
42 694 987 788 2469 958 597 912 2467 112 403
43 910* 2241 483 3634 1220 1038 1377 3635* 142 322
44 249 1421 918 2588 1059 743 784 2586 169* 305
45 310 1551 346 2207 686 614 907 2207 150 288
46 313 1505 743 2561 978 485 1101 2564 81 429
47 478 722 1049 2249 740 574 934 2248 103 397
48 237 1639 896 2772 768 643 1362 2773 120 322
49 392 1669 804 2865 909 806 1149 2864 104 376
50 398 1637 359 2394 900 602 890 2392 117 385
T o t. 21315 74277 35591 131183 44954 35371 50842 131167 4618 18444
Ave. 42 6 .3  1485.5 711.8 2623.7 899 .1 7 07 .4  1016 .8  2623.3 9 2 .4  368 .9
Time in  Hundred Thousandths o f a M inu te .
http://ir.uiowa.edu/uisie/22
KYMOGRAPH DATA
Speed Run
S u b je c t Number  4 A fte r  P r a c t ic in g 1 2 ,600  Cyclea
L e ft Hand_________  _________ R ig h t Hand__________  R ifth t Foot
No. Rü&TE G TL&H Tot a l TL&D I>,A&RL TE&G T o ta l PD TL&TE
1 338 908 725 1971 746 555 671 1972 98 299
2 312 1655 976 2943 764 850 1331 2945 84 348
3 436 1674 785 2895 748 897 1250 2895 140 270
4 330 1269 582 2181 571 564 1045 2180 91 343
5 362 1320 1100 2782 961 445 1380 2786 77 362
6 298 1128 496 1922 578 564 780 1922 90 412
7 323 1542 500 2365 763 918 686 2367 89 278
8 413 1281 552 2251 641 884 723 2248 88 341
9 279 1540 292 2211 750 697 766 2213 83 328
10 315 1196 2142* 3653 700 787 2170* 3657* 180 342
11 38Ò 1450 569 2405 748 559 1097 2404 211 341
12 400 1191 297 1888 655 445 790 1890 142 321
13 330 2109* 1199 3688 1044* 1069 1575 3688* 181 430
14 273 1401 850 2524 674 719 1132 2525 132 420
15 302 1721 707 2730 731 1028 972 2731 179 360
T o t. 5152 21485 11772 33409 11074 10981 16368 38423 1365 5195
Ave. 3 4 3 .5 1432.3 784 .3 2560.6 738.3 732 .1 1091.2 2561.5 124.3 3 46 .3
Time in  Hundred Thousandths o f a  M inu te .
* D enotes a v a lu e  th a t  i s  g r e a te r  th a n  two s ta n d a rd  d e v ia tio n s  away from  th e  
a r i th m e tic  mean-.
http://ir.uiowa.edu/uisie/22
miOCRAPH DATA
S u b je c t Number 4 A fte r  P r a c t ic in g 12,750 i;*c les
L e ft Hand R ig h t Hand R ig h t FootNo. Rl&te G TLScH T o ta l TL&D P , A&RL TE&G T o ta l PD TL&TE
1 488 2168 1329 3985 1667 572 1745 3984 350* 342
2 562 951 1443 2956 1270 491 1196 2957 2088 3613 188* 2078 968 3234 1552 543 1134 3229 3052 470
4 386 1988 2152 4526 2622 506 1394 4522 3446 318
5 587 1743 1903 4233 1598 1566 1068 4232 3158 348
6 480 3114 730 4324 1448 1726 1151 4325 3365 3207 448 1168 6246* 7862 1740 4050* 2088 7858* 452 3428 547 2013 678 3238 1492 646 1097 3235 2792 336
9 572 2733 584 3889 2356 604 929 3889 2861 300
10 603 1145 4482* 6230 2562 2378* 1293 6233 272* 401
11 585 2070 1346 4001 1721 525 1750 3996 3949 152
12 452 1633 2708 4793 3018 725 1049 4792 2549 680*
13 354 2388 3580 6322 2235 2576* 1509 6320 1003 348
14 551 1481 927 2959 1265 448 1246 2959 2695 329
15 534 1305 2028 3867 2187 377 1302 3866 2979 254
16 509 3280 141 3930 2340 377 1213 3930 3362 162
17 374 1979 2778 5131 2790 1068 1272 5130 2011 372
18 462 2251 1357 4070 1941 336 1789 4066 3387 364
19 626 1212 2699 4537 2377 422 1741 4540 3400 228
20 503 869 2515 3887 2408 355 1128 3891 3946 352
21 472 4378* 1403 6253 2570 1497 2187* 6254 3880 339
22 479 914 2371 3764 2260 418 1088 3766 3592 1126*
23 o l9 1130 4462* 6211 3451 1105 1653 6209 3396 398
24 561 1259 1989 3809 2383 353 1070 3806 3162 372
25 541 1577 3060 5178 2840 410 1930 5180 3159 356
26 600 1425 1671 3696 2223 394 1083 3700 2639 397
27 747 1884 2538 5169 2598 428 2143 5169 3857 392
28 538 806 2748 4092 2546 261 1286 4093 3033 361
29 500 757 4325 5582 3219 690 1670 5579 422* 373
30 557 1639 2178 43 74 1527 334 2510* 4371 2554 851*
31 389 1752 1908 4049 2587 515 949 4051 2400 326
32 510 2804 525 3839 2087 518 1236 3841 3316 321
33 317 2087 2303 4707 2431 592 1687 4710 3187 453
34 378 2389 1179 3946 2364 326 1255 3945 2723 202
35 527 2875 154 3556 2022 384 1147 3553 3800 304
36 638 3501 798 4937 3317 277 1346 4940 3480 389
37 596 1405 2620 4621 2335 958 1328 4621 2620 351
38 420 3109 665 4194 2611 320 1261 4192 1551 344
39 667 2738 496 3901 1653 768 1479 3900 3544 332
40 748 1350 2389 4487 2699 589 1197 4485 30R3 350
41 489 2918 960 4367 2514 499 1351 4364 4246 327
42 539 4558* 1279 6376 3822* 358 2193* 6373 2708 387
43 627 2402 690 3719 1623 373 1720 3716 3137 328
44 647 1675 2215 4537 3130 298 1110 4538 2981 398
45 482 1490 2108 4080 2660 302 1118 4080 3163 362
46 554 2125 1188 3867 1928 699 1243 3870 4037 360
47 320 1522 3929 5771 3580 261 1932 5773 3779 346
48 644 2704 1291 4639 2727 320 1592 4639 4405 275
49 1278* 1622 2178 5078 3580 258 1238 5076 3705 280
50 500 2124 2748 5372 3642 273 1456 5371 2468 355
T o t. 26695 100488 98962 226145 119518 35049 71552 226119 145094 18534
Ave. 533.9 2009.8 1979.2 4522.9 2390.4 7 0 1 .0  14 31 .0  4522.4 2901.9 370 .7
Time in  Hundred Thousandths o f  a M inute
* D enotes a v a lu e  th a t  i s  g r e a te r  th an  two s ta n d a rd  d e v ia tio n s  away from  the 
a r i th m e tic  mean.
http://ir.uiowa.edu/uisie/22
Subject Wo. 4 A fter P ra c tic in g  5 
Cyole L eft Hand
v g r i i i i .
22 D 
11 D 
22 D 
27 D 
19 D 
29 D 
15 D
21*P 
19 r  
16 F
12 B 
24 OD 
30*(JD
13 B 
9 B
11 B 
13 T 
13 B
31 D 
30 D 
22 D
Subject Ho. ‘ 
Cycle _
7.81 17.19 4.44 
A fter P ra o tlo in g  1,050 Cycles
1.19 1.19 23.94
1 1 5 18 0 7 0 4 20 1 19 2 9 3
2 2 5 IS D 14 OD 3 22 3 22 D 1 10 23 1 5 6 19 OD 2 20 4* 19 1 9 2
1 4 8 11 OD 3 15 1 15 1 7 3
9 1 6 7 19 ED 4 24 2 23 D 1 a 2
6 1 6 5 19 OD 5 22 2 22 D 1 7 4
7 1 4 7 18 BD 5 18 2 18 D 2 9 3
1 5 19 OD 4 21 2 22 D 1 8 3
9 1 4 11 D 12 BD 8* 17 2 18 D 1 8 8*F10 1 6 6 16 D 2 18 2 18 2 8 2
11 5 18 D 4 17 1 18 D 2 10 2
12 1 5 11 F 16 OD 7 25 1 25 D 1 10 2
13 1 6 ?  6 16 D 5 18 1 19 D 1 10 3
14 21*F 18 D 6 36 3 36*D 1 3
13 1 5 10 F 30*D 3 34 1 35*D 2 10 3
fo ta l 18 74 143 252 67 327 28 329 20 131 45
Average 1.20 4.93 9.53 L6.80 4.47  21 80 1.87 21.93 1.33 8.73 3 .00
Subjeot No. 4 A fter P ra c tic in g  2,550 Cycles
Cyole L eft Hand Right Hand
NO. HI TtlJcPP H D1
2 5 8 21 cm 3 17 1 18 1 14* 4
2 2 4 13 D 10 I 5 16 3 16 1 10 4
3 1 4 19 FD 14 14 2 24 FD 1 7 4
4 1 4 12 D 13 OD 22 4* 22 ID 1 6 3
5 1 4 11 D 22 D 10* 29 3 28 FD 1 6 11*T
6 1 13 D 17 D 23 1 23 FD 1 9 8 D
7 1 5 13 F U  0 4 19 2 18 D 1 6 6
0 2 12 D 10 0 4 18 2 19 D 1 7
9 1 5 7 D 23 ED 3 24 3 23 D 1 7 5
10 1 4 15 FD 14 OD 5 25 2 25 FD 1 7
11 1 4 10 D 36*BD 7 42 2 42*FD 1 5 9 F
12 2 3 15 FD 8 7 14 1 15 8 9 F
13 1 5 12 D 8 4 17 1 17 1 6 5
14 2 4 14 D 12 E 6 21 2 21 D 1 6 8 D
13 4 11 D 12 4 17 1 17 1 7 5
16 1 8 18 ED 3 21 1 22 D 1 6 4
17 1 4 11 D 9 E 5 16 2 16 1 8 3
IB 1 4 12 D 13 D 2 28 2 18 D 5 6
19 1 4 19 D 11 B 3 22 1 22 ID 5 6
20 1 4 11 D 10 B 2 15 2 16 1 6 5
21 2 4 15 D 10 0 10* 20 2 20 D 1 6 11*F
22 1 4 16 D 13 OF 2 20 1 21 D 1 6 7 F
23 1 3 12 D 15 BD 4 23 1 24 D 1 5
24 2 3 18 OD 4 22 2 23 ID 1 5 5
25 7 20 ED 4 21 2 21 F 6 6
26 1 15 D 11 0 3 20 1 20 D 1 6 6
27 6* 4* 20 OD 4 22 1 23 FD 6 3
28 1 4 4* 15 OD 16 1 17 1 6 3
29 1 4 13 D 15 OD 4 25 2 24 D 5 2
30 2 3 6 15 BD 5 15 4* 15 1 7 4
T otal 40 122 346 444 133 t>24 55 630 36 199 163
Average 1.33 4.07 11.53 14.80 4.43 20.80 1.83 21.00 .20 6.63 5.43
Subject Ko. 4 A fter P rac tic in g 5,050 Cycles
Cyole L eft Hand R ight Hand
No. RL
1 1 7* 10 14 BD 7 24 2 24 F 1 4 5
2 2* 6 12 D 8 B 10* 18 5* 19 D 1 6 10 F
3 2* 7* 11 BD 3 14 2 15 4 4
4 1 4 11 8 0 3 14 1 15 1 6 4
5 1 5 12 D 17 OD 2 26 DF 1 6 4
6 1 5 26*F 19 EF 4 30 1 29*D 1 8* 14 *D
•7 1 4 5 13 BD 5 15 F 1 6
. 8 1 11 8 5 14 1 15 1 6 7 D
9 1 5 11 16 OD 2 22 1 22 D 1 7 3
10 1 4 7 13 D 10* 15 1 16 F 1 6 11 F
11 1 5 8 20 D 3 24 DF 1 6 4
12 1 4 7 11 B 3 14 F 1 5 5
13 1 4 9 9 6 14 1 14 F 1 6 5
14 1 5 12 11 0 3 19 D 1 7 4
15 1 4 11 7 0 3 14 1 14 1 7 2
16 1 4 10 16 OD 5 23 D 1 5 5
17 1 6 14 OD 2 16 1 2
18 1 8 14 BD 6 18 1 19 D 1 6 6
19 1 12 15 1 16 F 1
20 1 19 F 13 D 3 23 1 28*D 2* 7 3
21 1 20 D 5 19 1 18 F 5 7
22 1 4 11 9 B 7 15 1 15 F 1 6 9 F
23 1 5 10 11 3 16 1 16 1 6 6
24 1 5 8 17 BD 5 22 1 22 F 1 6 4
25 1 4 14 D 7 0 3 17 F 1 6 5
1 6 12 D 16 F 1* 1 16 1 7 11 D
27 1 5 14 R 10 8 18 1 18 F 7 9 F
28 1 6 4 15 W 2 17 F 1 6 3
29 1 4 4 14 OD 5 16 1 16 D 1 5 5 F
30 1 3 9 D 9 3 13 1 13 1 5
31 1 4 12 F 8 B 6 15 1 16 F 1 7 6 D
D*** H . TE Time
Denotes tbc lag  of fo o t a c tio n  fo llow ing  TL&P.
Keans the p a rt was tu rn ed  over in  th e  TL&FP e lem ent.
Moons the p a rt was turned end fo r end In  th e  TIAFT elem ent.
Means th e  p a rt wns tu rned  end fo r end end a lso  o v e r, sim ultaneously .
No In d ica tio n  denotes th a t the p a rt m e tu rned  over end a p p lie s  only to  the  TL&PP ooluran. 
In d ica te s  th e re  was a de lay  In  com pleting th e  elem ent.
In d lo a tes  a fumble.
R eplenish p a rts  to  f ro n t o f tr a y . Omitted from Average Time V alue.
Tine is  s ta te d  In thousandths o f a  m inute.
http://ir.uiowa.edu/uisie/22
Cycle
- B T - TB
L eft Hand
~TUVP— —g— RlKht Hand Rl«ht Too Cyci*
1 l 4 10 14 or 8 13 0 14 1 7
---------
2 2 3
_Xtoe_
e 3 8 9 0 1 13 0 15 1 1 1 3 33 l 5 10 6 0 4 13 0 14 1 7 4 D 1 3 3
4 5 8 8 0 2 13 2 13 2 2 35 l 9 9 B 3 0 15 1 7 8 1 36 l 11 8 B 2 14 2 14 1 2 1 3
7 4 14 5 0 2 16 1 1 7 1 2 27
e l 5 7 14 E 3 16 0 16 1 3 1 2 3 309 l 8 E 11 2 11 7 2
10 l 4 8 9 2 14 1 14 1 3 1 2 2 24
11 l 5 13 f 8 E 2 15 1 14 1 11 1 1 2 3 2918 l 3 13 6 4 13 1 13 1 9 1 1 2 3 2713 4* 7* 2 9 B 4 11 2 15 6 2 2 2614 1 4 21** 8 B 3 12 1 13 20* £ 3 8 8 3715 1 3 12 0 3 11 0 12 3* 8 3 2 3 23
16 1 4 8 9 B 3 14 0 15 1 6 3 1 3 £ 2517 1 4 4 22 BD S 1 23*F 1 6 2 1 2 3 33
18 1 4 20*F 11 E 12* 17 1 17 f 14* 14*F 2 2 3
19 1 6 10 0 13* 0 14 1 9 6 r 1 £ 3 34
SO 1 6 9 2 12 4* 1 6 8 0 3 3 22
21 1 5 4 16 E 1 16 17 6 1 2 8 27
22 1 4 11 F 9 0 8 14 0 14 1 9 1 1 2 3 27
23 1 3 11 F 10 0 1 16 1 17 1 g 2 1 3 26
24 1 4 6 15 0 17 16 1 8 1 0 2 2 28
25 1 13 11 E 81 1 21*D 1 6 1 2 3 36
26 1 4 9 8 0 1 15 1 10 3 1 2 3 27
27 1 4 7 19*BF 5 10 0 11 1 8 16 D 1 3 ' 8 36
T otal 33 113 250 282 94 384 24 403 35 215 95 34 62 72 772
Average 28.59
Subject Ho. r P racticing  10,060 Cycles 
L eft Hand_______________
L eft Hand
RL T B - 0 _JUPP__
— a—
2 5 12 D 38 CO 5
£ 6 12 D 29 BD
8 8 29 OD 10
8 4 9 F 24 D 4
5 8 34 ED 9
4* 10 23 OD 2
1 9 37 BD 9
2 7 29 ED 2
2 6 19 r 31 D 6
2 5 21 FD 18 BD 4
1 5 12 24 3
1 6 14 D 21 ED 10
2 5 20 D 22 ED 9
2 3* 6 17 OD 3
2 3 35 BD 4
1 3* 5 41 B) 4
2 4 4 ED 27 H> 2
2 5 28*RD 14 0 3
5 25 0 16 0 3
2 7 27 D 2
2 4 14 D 16 0 31 5 10 32 D 3
2 5 10 30 K 3
1 .3 9 17 D 14*
1 6 22 D 10* 31 6 6 29 D 31 5 16 D 22 D 8
47 188 326 698 189
1 .’ 4 «»74 18.07 86.63 4.7B 1:9,96 1.96 30.66 1.76 12.19 8.41 32.78 8.18 8.96
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C ycles o f P ra c t ic e
Fig. 8. Learning curves. Comparing kymograph data with practice period 
data.
magnitude. The difference between the raw data and the recompiled 
averages ranges between 2.8% and 3.7%.
A summary of the “ raw” arithmetic mean and standard de­
viation values are presented on page 40 and the summary of the 
refined or recompiled arithmetic mean and standard deviation 
values are presented on page 41.
The Analysis of the Therblig Combinations
The data collected in this experiment permit study of the man­
ner in which the time required to perform individual therbligs or 
combinations of therbligs varies as skill is acquired. Learning 
curves have long been studied from the standpoint of the total
http://ir.uiowa.edu/uisie/22
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cycle time. This study permits a consideration of the manner in 
which the overall learning curve is built up from the learning 
curves of the elements within the cycle.
Some of the learning curves take the general form of total cycle 
time curves encountered in literature. In other cases the final 
proficiency attained is but slightly different from the pace set at 
the very beginning of the study. Finally, in those therbligs which 
are not necessary to the attainment of the best cycle time, it is 
found that there is no real consistency by subjects and that the 
tendency, if any, is to retain the starting time and perhaps starting 
method rather than to improve the time for such unimportant 
therbligs.
For some therbligs there is a comparatively wide range of dis­
persion among the subjects and for others there is but little varia­
tion in the final time required to perform. The therbligs will now 
be considered individually.
Left Hand
Release Load and Transport Em pty  (RL& TE ) This is the ele­
ment of the left hand releasing the part previously grasped by the 
tweezers and then reaching to the supply for the next part. The 
trend of the average time from first sample to last sample shows 
that this element is one in which practice has considerable effect 
on the performance time. The time was reduced to 45% of the 
starting time. (See Fig. No. 9)
Subjects
1 2 3 4 5 6 Ave.
Ratio of Final 59.82 33.78 44.54 52.23 45.82 36.53 45.45
Performance Time 
to Original Time
This is an interesting observation, especially in consideration of 
what the subject was doing. It is during this element that he looks 
at the supply of parts, selects a particular part, and then con­
siders how he will transport load and pre-position the part before 
he grasps it. There are four ways of pre-positioning a part de­
pending on which of the four possible ways the part is fortuitously 
reposing in the supply tray. (For further details regarding the 
four methods see page 66.)
It seems that the poor initial time of some of the subjects may 
be the result of indecision during the process of determining how 
to pre-position. That is to say, the differences in the situations
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presented by the four possible positions of repose of the parts re­
quired that the subject almost stop and consider for each case just 
what to do. Added to this was the necessity for interrupting this 
train of thought to consider the actions required in the other visual 
areas.
As soon as the subject completes this selecting part of the task 
he looks to the die to direct the right hand, so he then immediately 
has another mental problem. Since these mental problems are
Fig. 9. Release load and transport empty learning curves. Composite and individual
 
graphs. Arithmetic mean and standard deviation.
solved in chronological order, the mental agility is an important 
factor in the TE therblig time. The decision time is probably the 
predominant part of the element time at the outset, but reduces 
to become a minor influence in the later stages.
It appears consistent that at the start, Subject No. 3, a trained 
pianist and typist, performed considerably faster than the other 
subjects. This may be accounted for by the fact that her past ex­
perience in seeing the problem and then directing her hands ac­
cordingly was useful here.
A study of the standard deviation shows a reduction in the early 
stages and a rise towards the final stages in the study. (See Figure 
No. 9) The reason for this is not readily evident, but undoubtedly
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the phenomenon carries some significance because it is contrary to 
normal expectancy. The subjects generally show the same trend 
both in change in the average time and in the standard deviation. 
Grasp (G) Because of the nature of the timing apparatus the grasp 
includes a little of the transport motion. Other than this, the sub­
ject’s visual attention at this stage of the cycle is in directing the 
right hand to place the part in the die.
The learning curve for this element is particularly flat. Subjects
Fig. 10. Grasp learning curves. Composite and individual graphs. Arithmetic mean and 
standard deviation.
Nos. 1, 2 and 5 took more time at the end of the study for this 
element than they did at the beginning. (Fig. 10) The general 
trend, however, does show a little reduction in time. The average 
at the end of the study shows that the practice has reduced the 
time for performance to 81% of the original time. The reason why 
the learning curves for Subjects Nos. 2 and 5 rose after the initial 
performance is that when they started they were not using the 
correct method. The right hand would incorrectly place the part 
in the die before the left hand had grasped a part. As a result the 
right hand would return to grasp the next part but no part would 
be ready. I t was then necessary for the left hand to reach for a 
part, turn  it and hold it ready for the tweezers. The right hand
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according to this unorthodox method could perform the grasp 
faster but at the expense of the total cycle time.10
The disruption in the learning curve for Subject No. 2 shows:
(1) when the transition from the starting method to the instructed method 
took place.
(2) that the transition was gradual; perhaps some of both methods occurred 
during the second sample, but by the third sample the instructed method 
was largely in use. Sample four shows that practice is now beginning 
to take effect.
(3) that the curve after the change appears to be a normal learning curve.
Consequently, to indicate more accurately the reduction, these 
peaks should be considered as the starting points for Subjects Nos. 
2 and 5. Accordingly then, the average of the individual scores 
shows that the final stage amounted to 65.65% of the time for the 
initial performance.
Subjects
1 2  3 4 5 6 Ave.
Ratio of Final 106.93 68.86 66.60 54.26 54.01 43.21 65.65
Performance Time 
to Original Time
The only learning curve not explained is that of Subject No. 1, 
which shows no reduction in time as a result of practice. By ob­
serving his learning curves of the two adjacent elements (RL&TB 
and TL&H) one may notice the steepness of these “ neighbor” 
learning curves, which appear to have more than normal reduction.
In studying the trends of the standard deviation of the learning 
curve there is a common trend for the final performance to have 
a lesser deviation than the first performance.
Peculiar enough is the fact that when Subject No. 2 changed 
methods, the standard deviation for the grasp was not increased, 
but it was noticeably increased for Subject No. 5 when he changed 
his method.
Transport Load, Pre-position and Hold (TL,PP&H) This element 
is the one in which the part is carried by the left hand to the 
tweezers; it includes turning the part ready to grasp and is held 
in place until the tweezers close.
There is a strong tendency to rapidly decrease the performance
io All subjects to a minor extent performed slight variations in the cycle 
at the outset of the study. However, practice had the effect of making all 
subjects perform more like the instructed method.
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time. In considering the “ Last Sample to the F irst Sample Ratio” 
the reduction is to 38.12% of the starting time.
Subjects
1 2 . 3 4 5 6 Ave.
Ratio of Final 35.54 19.15 48.81 35.53 27.11 62.57 38.12
Performance Time 
to Original Time
A study of the graphs (Fig. 11) indicates a rather strong ten­
dency to conform to the normally conceived learning curve.
The TL,PP&H element is one that is performed in four different 
ways depending on how the part is lying on the supply tray. It 
is reasonable to expect a high degree of variation for this element, 
and this thought is substantiated by the coefficient of variation. 
This element by inherent nature of the possibilities of performance 
affects a high degree of variation and the subjects differ to some 
extent in their ability to learn. Three subjects appear to learn 
fast but then take a relapse. This unusual performance of the 
TL,PP&H does not necessarily result in the cycle time improve­
ment, as may be observed, from the learning curves that are ad­
jacent as for the G of Subject No. 5.
The standard deviation learning curve for the individual cases
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does not show a strong similarity with the therblig time learning
curve.
Right Hand
Transport Load and Delay (TL&D ) This is the element of the 
cycle in which the right hand carries the part held by the tweezers 
towards the die. I t  does not include placing the part in the die.
Subjects
1 2 3 4 5 6 Ave.
Ratio of Final 43.04 33.49 50.45 37.88 43.72 38.79 41.23
Performance Time 
to Original Time
The table shows a fairly consistent reduction in time and the 
graph shows the curves to be quite normal and without peaks or 
flutter, averaging 41.23% of the starting time.
It is during this phase of the cycle that the attention of the eyes 
is directed towards the selection of a part, and also in directing 
the left hand to the part. Also, during this element the eyes shift 
to the die and thus the attention is shifted to the direction of the 
right hand. As the part held by the tweezers penetrates the beam 
of light in front of the die, the element is terminated.
Considering what is going on during the element, the mental
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task of selecting, the directing of a hand, the shifting of the eyes 
to the die and the shifting of the attention to a different problem, 
the consistency of the progress is surprising, as is also the con­
sistency of the standard deviation learning curve. I t is also noted 
that the coefficient of variation is particularly low for this element.
Furthermore, this particular element is one in which possibly a 
visual pattern change might be manifested. After a few thousand 
cycles of practice, subjects would now and then use only two fix­
ations to a cycle while other times they use three fixations per cycle, 
according to the original instructions. (For further discussion in 
regard to the change, see page 71). At the 10,050 cycle stage, Sub­
ject No. 4 was using the two fixational visual pattern 44% of the 
time. And the fact that this change which was occurring at the 
time the TL&D was being performed is of especial note because 
of the consistent trend in the learning curve. (Fig. 12)
Position, Assemble and Release Load (P,A&RL) This element 
is for the short motion in locating the part in the die.
The impression from first observation of the graph (Fig. 13) is 
that this series is a most erratic group of learning curves. Two 
of the subjects, after several hundred cycles of practice, took more 
time than for the initial sample. Five of the subjects took more
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time in the last sample than they did in the previous sample. And, 
besides, there were other peaks and mounds. However, the final 
study shows that on the average the subjects were performing in 
66.7% of their starting time.
Subjects
1 2 3 4 5 6 Ave.
Ratio of F inal 67.03 52.69 52.81 90.54 74.91 62.18 66.69
Performance Time 
to Original Time
In the section of therblig findings based on the film data, it will 
be pointed out that the RL was performed very consistently, con­
sequently if the RL were deducted the remaining P  and A must 
be the erratic elements.
In reviewing what is taking place, it should be noted that it is 
this phase of the cycle in which the part is placed over the pilot 
pins. And although the pilot pins facilitate the positioning, in 
many cases the subjects do not locate the part exactly right in 
the first locating movement, and small adjustment movements are 
necessary. If  the subject tries to perform this motion too fast, he 
probably will misplace the part and consequently will take longer 
time than if he worked slower. Speed up to a certain extent is 
economical, beyond this the corrective movements for fumbles off-
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set the gain by higher speed to such an extent that it would take 
less overall time if the subject worked slower.
The standard deviation learning curve is likewise erratic for 
each subject and also leaves much to be explained. The coefficient 
of variation for this therblig exceeds that of any others.
Transport Em pty and Grasp (TE&G) This element follows the 
release of the tweezers at the die. The TE&G includes the reaching 
of the right hand and tweezers to the transfer area, and the closing 
of the tweezers on the part.
Subjects
1 2 3 4 5 6 Ave.
Ratio of Final 83.62 43.94 60.61 47.32 46.86 49.42 55.30
Performance Time 
to Original Time
In observing the learning curves (Figure No. 14) for the time 
to perform this element, it is noticed that—
(1) fo r two subjects, the big reduction took place in the first thousand 
cycles of practice and from this point on, the learning curve was rather 
flat.
(2) for two other subjects the major improvement occurred before 2,500
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cycles of practice and from this point on the data shows little im­
provement.
Especially for Subjects Nos. 2, 4, 5 and 6 , it appears that at the 
beginning, the right hand in this element would wait for the part, 
but as soon as the subjects had learned to co-ordinate for this delay, 
they were in stride, with but little improvement thereafter.
Right Foot
Pedal Delay (PD) This element is defined as the delay between 
the opening of the tweezers and the closing of the mercury switch 
actuated by the foot pedal.
Subjects
1 2  3 4 5 6 Ave.
Ratio of F inal 68.43 99.84 62.52 14.34 60.20 74.23 63.26
Performance Time 
to Original Time
The inconsistency of data in the learning trend (Figure No. 15) 
for each subject as well as the inconsistency between subjects shows 
that these curves involve a phenomenon distinctly different from 
that previously encountered.
The subjects were instructed to press the pedal as soon as re­
leasing the part in the die. However, since a fast follow-up in the 
foot action after the release does not necessarily reduce the cycle 
time, the subjects all floundered around, trying faster and slower 
times as they pleased. More than 50% of the time the foot was not 
busy, so it really made little difference how fast or slow the sub­
jects co-ordinated the hand RL with the pedal TL. Accordingly, 
each subject takes whatever time suits him.
It is interesting to note that only one subject early in the study 
seems to find a rhythm which she tends to maintain throughout 
the study. (Subject No. 3)
Transport Loaded and Transport Em pty  (TL&TE ) In  some­
what the same respect, the TL&TE is considered. This element is 
the time to press and release the pedal.
Subjects
1 2 3 4 5 6 Ave.
Ratio of Final 118.07 121.38 68.91 118.68 67.70 42.02 89.46 
Performance Time 
to Original Time
There is no consistency within the individual studies (Fig. 16), 
except for Subject No. 2 who tends to perform in about the same
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Fig. 16. Transport loaded and transport empty learning curves. Composite and individual 
graphs. Arithmetic mean and standard deviation.
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time throughout the study, and there is no consistency between 
subjects. This element is analyzed as one which is not important 
in cycle time performance, consequently, the subjects perform it 
just as they wish to.
I t  is surprising to note that although the performance time 
changes from sample to sample, that the standard deviation is 
quite consistent for each subject, indicating that from day to day 
the subjects were performing consistently but at differing averages. 
Analysis of the Therblig Combinations by Subjects
The presence of data on the time characteristics for performance 
of various therbligs by each subject suggests the possibility that 
the data for one subject may permit a classification in much the 
same manner as data secured by a psychological test can give in­
formation concerning a number of features characteristic of the 
subject. There is great difficulty in drawing conclusions of this 
kind because of the limited number of subjects and because of the 
absence of previous investigations of this type. Some of the pos­
sibilities which suggest themselves as a basis for classification might 
include the acceleration of the individual learning curves, the speed 
of response, the shifting from one body member to another such 
as is present in the case of pedal delay, and the uniformity with 
which the improvement is achieved among the various therbligs.
I t appears significant that the subject turning in the best cycle
8ubJ«ot t o .  X
http://ir.uiowa.edu/uisie/22
time had a surprisingly uniform rate of learning for the various 
elements. The learning curves of the hand elements plotted on the 
same chart on the basis of showing the time required as a per­
centage of the starting time show that all of the lines are contained 
in a surprisingly narrow envelope. On the other hand the subjects 
performing slower show the greatest scattering of these learning 
curves.
Subject No. 1 Four of the elemental learning curves (Fig. 18) 
show little improvement as a result of the practice. Two of the 
heavily weighted learning curves, however, show rather large re­
ductions.
There appears to be no common pattern for the group of learn­
ing curves for this subject.
The standard deviation learning curves (Fig. 18) likewise show 
no common pattern. There frequently is a reduction of the stand­
ard deviation in the early stage of the work which towards the end 
of the study fluctuates to a minor extent.
The coefficient of variation differs considerably from one element 
to the next, so that there is no particular coefficient of variation 
common to the elements of any one sample.
Subject No. 2 The average cycle time of Subject No. 2 was still
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decreasing at the end of the study, and the standard deviation 
towards the end of the study was not consistent. (Fig. 19)
The learning curves for the elements of the hands all show nor­
mal learning curve characteristics. The G element does have a 
peak included, but this is regarded as the result of a minor change 
of method. The learning curves for the foot elements, the PD, 
and the TL&TE certainly does not manifest normal learning curve 
tendencies ; particularly there is not a shorter elemental time as 
practice goes on. I t  would seem that the subject recognizes that 
a faster performance of these two elements would not reduce the 
cycle time and so acts accordingly.
The standard deviation learning curve (Fig. 19) does show the 
downward trend as a result of practice.
The coefficient of variation does not verify a common tendency 
for the various elements, and this seems to indicate that the sub­
ject does not progress according to any pattern.
Subject No. 3 This subject was the fastest learner and also the 
fastest performer.
A study of the hand motions reveals that this subject does have 
a rather common learning curve (Fig. 20) for these elements. By 
plotting these curves all on the same chart, that is, by taking the 
initial time for each element as 1 0 0 % and the succeeding times
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by the per cent of the original of the respective time, the curves 
that result form a surprisingly narrow band.
In interpreting this it appears that this subject first fundamen­
tally understood how each part of the motion cycle was to be per­
formed, and secondly she was able to perform it that way, pro­
gressing equally in each element. Furthermore, there are no sig­
nificant peaks or mounds in the learning curves. This subject prob­
ably approaches the ideal learning situation.
So far as the foot elements are concerned, she reduces the time 
from her starting time. I t might seem from her starting time that 
she formulated a rhythm which caused all elements to become re­
duced quite similarly as the tempo was increased. The standard 
deviation for this subject, in general, tends to decrease with prac­
tice. I t  appears characteristic of this subject to also excel in a 
low standard deviation.
There is a wide range of coefficient of variation factors for this 
subject, so although there appears to be a consistency in learning, 
the coefficient of variation does not show a tendency toward a 
common ratio for the various elements.
Subject No. 4 This subject shows rather a consistent learning trend 
with the exception of (Fig. 21), the P,A&RL, which runs an ir ­
regular course.
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The trend of the elements for the foot action is recognized as 
not having any definite pattern. However, this subject for the PD 
does show that as time went on he coordinated the foot delay better 
with the EL. The TL&TE curve shows a peak to which no par­
ticular significance is attached.
Fig. 22. Learning curves of the cycle time and elements. Subject No. 5. Arithmetic mean 
and standard deviation.
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There appears no common form to the standard deviation learn­
ing curve and a wide spread in the coefficient of variation.
Subject No. 5 This subject, one of the fastest performers, had 
difficulty in the first stage of learning. The trouble, that of not 
performing the G exactly according to instructions, is demonstrated 
in the G learning curve. Other than this and the P,A&RL element, 
this subject shows a rather consistent learning trend. (Fig. 22)
The standard deviation learning curve shows a trend down in 
some instances while in other elements it continues at about the 
same as when the subject began.
Subject No. 6 The learning curves here do not seem to show a 
common pattern for the various elements. The same appears true 
for the curves of the standard deviation. (Fig. 23)
Summary of this Section
1. The learning curves of the various elements do not appear to be of a 
common pattern for each subject. One subject out of the six does seem 
to show a tendency toward consistency in the learning of the various 
hand elements.
2. The standard deviation learning curves also appear to have no common 
pattern.
3. Each subject seems to find his own tempo for elements which do not 
affect the cycle time.
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SUMMARY OF THE AVERAGE CYCLE TIME OF PRACTICE PERIODS AUD KYMOGRAPH PERIODS 
AND INCLUDING THE RECOMPILED KYMOGRAPH AVERAGE
A ccum ula tive
N °. o f  S u b je c ts
C ycles* 1 2
_ 3
4 5 6 Average
25 PP 6020 8000 5600 7880 6820 7180 6916 .7
75 KP 47 9 7 .9 64 4 6 .4 41 4 9 .4 5 8 3 7 .0 4 8 9 1 .1 5173.6 5215.9
75 KP** 4 6 4 4 .1 6 2 1 6 .6 40 8 5 .1 5556 .6 4 6 4 6 .5 5040.6 5031.6
350 PP 5890 5142 4084 5038 4480* 4970 49 3 4 .0
825 PP 4867 4404 3587 4460 3898 3887 41 8 3 .8
1075 KP 45 2 0 .2 3 7 8 9 .8 3 6 1 9 .5 3 7 3 3 .6 3 8 8 3 .4 3 1 8 8 .1 37 8 9 .1
1075 KP** 4 3 5 5 .8 3 6 7 9 .2 3 4 7 4 .7 3 6 0 3 .5 3 8 2 2 .0 3 0 9 2 .6 3 6 7 1 .3
1350 PP 4558 4280 3350 4064 3506 3571 39 0 4 .8
1850 PP 4226 3862 3146 3720 3274 3512 36 2 3 .3
2325 PP 4222 3829 2956 4262 3127 3298 3615 .7
2575 KP 37 1 7 .4 34 2 8 .6 2 9 8 2 .5 3487 .3 2 9 6 3 .5 3 0 0 0 .2 32 6 3 .3
2575 KP** 35 9 6 .0 3 3 3 8 .8 2875 .7 3 4 1 0 .0 2900 .2 2 934 .7 31 7 5 .9
2850 PP 4020 3744 3022 3620 3078 3092 3429 .3
3350 PP 4150 3893 2902 3637 3018 3116 3452 .7
3850 PP 3682 3732 2788 3453 2874 3036 32 5 0 .8
4350 PP 3490 3498 2726 3612 2960 3204 32 4 8 .3
4825 PP 3265 3444 2736 3253 2830 3040 3094 .7
5075 KP 30 4 1 .9 31 5 3 .6 2788 .5 3158 .9 2871.3 2 7 7 5 .6 29 6 5 .0
5075 KP** 30 2 0 .0 3085 .9 2692 .2 30 4 8 .3 2720 .5 2 6 8 7 .2 2875 .7
5350 PP 3476 3494 2714 3106 2794 2918 3063 .7
5850 PP 3256 3454 2714 3304 2740 2814 30 4 7 .0
6350 PP 3244 3594 2596 3218 2636 2722 3001 .7
6850 PP 3194 3256 2650 3052 2840 2756 29 5 8 .0
7325 PP 3244 3178 2651 2800 2589 2849 2885.2
7575 KP 2837.9 2997 .6 2518 .4 2802 .1 2 5 4 5 .5 2 683 .4 27 3 0 .8
7575 KP** 2793.7 28 8 8 .1 2416 .8 2720 .7 2 4 7 6 .1 2 618 .4 2652 .3
7850 PP 3076 3080 2430 2886 2598 2742 28 0 2 .0
8350 PP 2934 3120 2472 2864 2618 2754 2793 .7
8850 PP 2948 3187 2390 2912 2556 2830 2803 .8
9350 PP 3044 2988 2408 2812 2550 28 70 27 7 8 .7
9825 PP 3141 3029 2502 2933 2567 2869 28 4 0 .2
10075 KP 2 8 3 3 .1 2 8 0 6 .0 2568 .6 2584 .8 2414 .6 2 4 2 4 .2 26 0 5 .2
10075 KP** 27 3 8 .3 2680 .4 24 1 7 .5 2528 .9 2372 .1 2 3 3 0 .9 2511.4
10350 PP 3010 3264 2446 2844 2480 2596 27 7 3 .3
10850 PP 2878 3168 2518 2642 2430 2564 27 0 0 .0
11350 PP 2800 2826 2422 2624 2474 2560 26 1 7 .7
11850 PP 3072 2870 2488 2628 2570 2551 2696 .5
12325 PP 2956 2809 2409 . 2702 2373 2522 26 2 8 .5
12575 KP 28 5 1 .9 2 5 7 4 .1 2286 .4 2623 .3 2 4 3 6 .0 2428 .7 2533 .4
12575 KP** 2723 .4 2 4 7 7 .0 2224 .8 2527 .4 2369 .6 2 3 6 6 .4 2448 .1
12610 KSpR 25 8 1 .1 2620 .9 2 2 9 8 .7 2561 .5 2388 .1 2 3 8 6 .9 24 7 2 .9
12610 KSpR** 2519 .4 2 4 8 4 .1 22 4 3 .6 2390 .6 2 2 7 0 .6 2 322 .2 2371.8
12700 PS 3387 3619 2824 4444 2789 2758 33 0 3 .5
12725 KS 4525 .4 3 3 7 3 .0 3 2 9 8 .4 4 5 2 2 .4 2892 .5 2 697.6 35 5 1 .5
12725 KS** 4331 .7 3 2 5 5 .2 3 1 7 7 .0 44 5 4 .3 2864 .9 2 625 .8 3 4 5 1 .5
s t a i  o f  PP A verages*** 94663 95145 74707 90326 78680 82923
"  « KP it 24600 .3 25196.1 20913 .3 24227 .0 22005.4 21673 .8
a tin g  o f  S u b je c ts 5 6 1 4 2 3
5 6 1 4 3 2
L egend: R e g u la r  P r a c t i c e  P e r io d  D enoted  b y  -  PP (* ) At m id p o in t o f  r u n .
Kymograph P e r io d  D enoted  by  -  KP (**) R ecom piled  d a ta .
Kymograph Speed Run D enoted  by  -  KSpR (***) Does n o t  In c lu d e  S o ld ie r in g  
P r a c t i c e  S o ld ie r in g  D enoted  b y  -  PS o r Speed Run.
Kymograph S o ld ie r in g  D enoted  by  -  KS
The tim e  i s  s t a t e d  i n  h undred  th o u sa n d th s  o f  a  m in u te .
4. There appears to be no common range for the coefficient of variation 
for the elements of each subject.
5. For each subject, the coefficient of variation for the cycle time is less 
than the average of the coefficient of variation for the elements. Seem-
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ingly, the elements within one cycle compensate one another to avoid 
unduly long or short cycle time.
Film, Study
The numerical computations of the film study are based wholly 
on an analysis of the moving pictures taken of Subject No. 4.
Two Sets of Films 
Two sets of moving picture films were taken.
(1) One set shows the workplace and hand motions, as demonstrated by 
Fig. 2, and the following studies are based on this series of film studies.
(a )  An Analysis o f the Therblig Learning Curves.
(b ) The Degree to Which Pre-positioning Time Varies as a  Result 
o f the Position of the P a r t  on the Supply Tray.
(c) Occurrence of Fumbles and Delays.
(d) The Effects of Fumbles and Delays on a  Learning Curve.
(2) The second set of films were taken especially showing the eye move­
ments as demonstrated by Fig. 25, and the following studies are based 
on this series of films.
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(a) The Change in  the Visual Pattern.
(b) A  Study of the Relation of Eye Movements to  H and Movements.
An Analysis of the Therblig Learning Curves
The therblig learning curves were examined with the two follow­
ing questions in mind:
(1) Is  this learning curve natural fo r this particular element of work?
(2) Are there peculiar mounds, peaks, and slopes; how are they accounted 
for in  light o f the subject a t work?
The discussion of the therblig learning curves parallels the pre­
vious discussion dealing with the elemental learning curves based 
on the kymograph data of the six subjects. Here the elements are 
slightly more refined.
Left Hand
Release Load {RL) From the graph (Fig. 26) one readily ob­
serves that RL, a simple finger movement, does not show the time 
reducing effects of practice. The time was reduced to 82.6% of 
the original.
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Transport Em pty  (T E ) The TE therblig shows quite a con­
trasting curve; here the effects of practice fundamentally pre­
dominate in the early stage and only very slightly after this stage. 
It seems that the big reduction occurs as a result of the quick 
grasping of the situation how the part should be handled when 
grasped rather than a major improvement in the physical learning 
in the act of reaching. The time was reduced to 18.1% of the 
original time.
Grasp (G) The G learning curve shows that the subject went 
through a period in which there was a probable change of method. 
The subjects started with much instruction, found it difficult to 
consider all of the details of the job at once, consequently an 
eruption in a learning curve may be regarded as indicating the 
introduction of a change in method which, in this case, occurred 
as the subject was changing to follow the instructed method. The 
time was reduced to 83.7% from peak to final sample. I t  is noted 
that although there was a peak or an interruption in the curve of 
average time, the subject did not show an increased standard de­
viation. This would seem to be contrary to normal expectation.
Transport Load and Pre-position (TL&PP ) The TL&PP com­
bination is particularly interesting in light of other studies. I t  is 
an element that may be performed in four different ways, depend­
ing on how the part is lying on the supply tray when grasped. 
From the initial stage to the final shows a reduction to 58.6%. The 
trend is consistent from study to study, demonstrating that the 
change is a slow reduction. In  quite a similar fashion the standard 
deviation decreases consistently throughout the study. The time 
for the TL&PP is very closely allied with the TL,P&A of the right 
hand. The right hand is holding the subject’s attention. The left 
hand TL&PP occurs during the end of the TL,P&A, during the 
RL, and during the TE of the right hand. While this other activity 
is going on the secondary attention is directed towards the TL&PP, 
so it seems natural for the learning to be slow. I t is believed that 
the subject could learn much faster if his attention were directed 
only to this element, but since the speed at which it can be per­
formed depends to some extent on other motions, it is quite natural 
to expect a gradually sloped learning curve.
Hold (H) The H therblig does not manifest the normal effects 
of a learning curve. It takes principally one step down. The final
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stage amounts to 55.4% of the starting sample. I t  must he borne 
in mind however, that both the duration and the learning curve 
of the H  therblig are primarily a by-product of failure of co­
ordination in the associated therbligs, rather than being the result 
of the positive act of holding.
Right Hand
Hold (H ) The H again does not show the normal learning ten­
dencies. The final stage amounted to 41.2% of the original time.
Transport Load, Position and Assemble (TL,P&A) The 
TL,P&A combination of therbligs shows the final stage to be 60.2% 
of the starting time. This element is one that holds opportunities 
for skillful location of the part in the die. A standard deviation 
inconsistent from sample to sample such as found here leads one 
to expect further reductions.
Release Load (R L ) The RL element seems to be consistently 
performed wherever it occurs, being reduced in  the final stage to 
69.2% of the starting time.
Transport E m pty {TE) Quite similar to the TE learning curve 
of the left hand is the TE learning curve of the right hand. The 
time was reduced to 37.8% of the original time. I t  appears in 
these two cases that the mental problem preceding the TE is im­
portant. When the subject has learned what to do, there really 
is not much trouble performing the motion.
Grasp (G) The G therblig learning curve shows that following 
the two initial samples something occurred to increase the grasp­
ing time. During this time, the natural thing for the subject to 
do was to question whether he was grasping the part by the tweezers 
exactly where it should be grasped. Greater attention directed 
towards this element and more carefully closing the tweezers in 
the proper location probably causes the longer grasp. The TL,P&A 
therblig curve also seems to show some of the emphasis towards the 
longer G at this particular stage. The G is reduced to 42.1% of 
the starting time at the final stage.
Right Foot
Transport Loaded (T L ) Although the subject could have in­
troduced considerable variation in the operation of the pedal with­
out increasing the cycle time he was surprisingly consistent in per­
forming the TL movement of the right foot.
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Transport Em pty  (T E ) During an early stage, for some reason 
not understood, this subject performs slower and then resumes his 
original speed.
Summary of this Section
(1) In  the therbligs th a t are mentally simple to direct and easy to per­
form, the reduction in  time due to practice is a t a minimum.
(2) In  those therbligs in  which the problem of mental direction is greatest, 
there can be expected a great reduction in  performance time. In  
addition, if  the associated movements are easily learned, the bulk of 
the improvement will be obtained early in the learning period.
(3) Therbligs which do not receive the undivided attention of the operator 
but must instead share this attention with other therbligs simultane­
ously, will probably show a long stretched-out learning curve, de­
pending on the difficulty of the mental problem and the complexity 
of the manipulative problem.
(4) For any therblig a change of method during the learning period is 
manifested by a mound or peak in the learning curve.
The Degree to Which Pre-positioning Time Varies as a Result of 
the Position of the Part on the Supply Tray 
There were four ways for the LH to turn  the part after grasp­
ing it from the supply tray. How the part is pre-positioned or 
turned depends on how the part is lying. The four methods a re :
( 1 )  Transport Load and No Pre-positioning
Sometimes the p art is lying in such a way th a t when the fingers 
grasp i t  no turning is necessary; the TL is all tha t is necessary. (A 
in Fig. 27)
(2) Transport Load and Turn Over
Sometimes the part is lying in  such a  way tha t i t  must be turned 
over sideways, tha t is, rotated 180° around its  central axis. This is 
done by a 180° swivel motion of the le ft hand and forearm, in which 
the palm of the hand, faced down during the grasp, turns towards the 
subject and then faces up. (B in Fig. 27)
(3) Transport Load and a Turn End for End
Sometimes the p a rt is lying in  such a position th a t i t  need be turned 
end for end. This is accomplished by the big finger pushing the part 
around while the thumb and first finger hold the part. (C in Fig. 27)
(4) Transport Load and Turn Over and End for End
The fourth possible way a p art may be lying causes the subject 
to tu rn  the p a rt over both end fo r end and ro tate i t  180°. This is 
accomplished by a  combination of movements which occur simultane­
ously. The hand turns from palm down to palm up by a swivel move-
http://ir.uiowa.edu/uisie/22
Fig. 27. Four fortuitous positions of part.
ment of the hand and forearm and a w rist movement th a t points the 
p art properly to be grasped by the tweezers. (D in  Fig. 27)
Comparison of the Left Hand Transport Loaded and Pre-position 
(TL&PP) According to the Four Methods for Pre-positioning
(Time in thousandths of a minute)
No Pre- Turn Turn Over &
A fter positioning Turn Over E nd for End End for End
Practicing No. Average No. Average No. Average No. Average
50 Cycles 5 15.20 3 31.67 2 14.50 6 12.50
1,050 Cycles 5 19.60 7 15.00 1 19.00 2 15.00
2,550 Cycles 7 13.43 12 14.25 6 15.33 5 17.40
5,050 Cycles 11 12.33 9 12.22 2 17.00 9 11.67
7,550 Cycles 3 8.00 11 9.64 6 11.33 7 12.00
10,050 Cycles 7 11.57 7 9.57 9 10.33 11 10.55
12,550 Cycles 4 11.25 12 8.92 6 12.17 4 9.25
Comparison of the First Three Samples with the
Last Three Samples
A fter Practicing
50, 1,050 and 2,550 Cycles
Total Time 268 371 140 192
No. Samples 17 22 9 13
Average 15.76 16.86 15.56 14.77
A fter Practicing
7,550, 10,050 and 12,550 Cycles
Total Time 150 280 234 237
No. Samples 14 30 21 22
Average 10.71 9.33 11.14 10.77
% Decrease 32.0 44.7 .28.4 27.1
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One notable observation is shown by the data. There was a rather 
consistent improvement for each of the four methods of perform­
ing the TL&PP element. Basically there was a shoulder movement, 
that is, a movement of the arm about the shoulder joint, and the 
other associated movements commonly regarded as of a lower 
classification, namely combinations of the elbow movement, wrist 
movement, and finger movement are of secondary importance. 
Accordingly each of the four methods seem to be basically similar 
to each other.
It is noted also that the performance times of the four methods 
are relatively close. They each require about the same perform­
ance time, but it is not because this movement is being delayed by 
other work, for the waiting of the left hand by this analysis falls 
into the hold therblig that follows.
It may seem paradoxical that the “ No Pre-positioning” method 
took slightly more time than the “ Turn Over” method which at 
first would seem more difficult. However, a closer examination 
of the movements indicates that it is easier to perform the turn 
over in conjunction with the TL than to perform the TL without 
the turn over for in this case the muscles are tensed and taut and 
the hand must be forced to nearly the extreme position. However 
after considerably more practice it might be that there would be 
no substantial difference in performing the TL&PP by the four 
methods.
Occurrence of Fumbles and Delays
In analyzing the motion picture film of Subject No. 4, the fumbles 
or delays were noted in varying frequency among the several 
therbligs. Relating the number of fumbles and delays to the total 
number of cycles shows clearly which are the troublesome elements.
Definition of Fumbles and Delays Any hand movement not per­
formed in accordance with instructions has, for the purpose of this 
study, been considered a fumble. Any retardation not necessitated 
by the methods as prescribed has been considered a delay. For 
example, when the left hand holds the part for the tweezers to 
grasp, the therblig is an instructed hold; however, were there a 
fumble in bringing the part to the grasping area, causing the hand 
to wait for the part, then the delay occurring in the grasp therblig 
of the right hand would be included as a delay. In  this way a 
fumble or delay by one hand can result in a delay for the other 
hand. There follows a table showing in which therbligs and to
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what extent the trouble occurs by percentage, at the various stages 
of acquisition of skill.
Per cent of therbligs in which fumbles or delays occurred
A fter
Practicing
(Cycles)
RL TE G TL&PP H H TL,P&A RL TE G
50 0.0 87.5 25.0 50.0 0.0 0.0 50.0 6.3 56.3 0.0
1,050 0.0 6.7 40.0 93.3 0.0 0.0 73.3 0.0 0.0 6.7
2,550 0.0 0.0 76.7 56.7 0.0 0.0 70.0 0.0 0.0 23.8
5,050 0.0 0.0 26.7 54.8 0.0 0.0 74.2 0.0 0.0 29.0
7,550 0.0 0.0 15.4 11.1 0.0 0.0 11.1 0.0 0.0 18.5
10,050 0.0 0.0 15.1 5.9 2.9 0.0 5.9 0.0 0.0 8.8
12,550 0.0 0.0 23.1 19.2 0.0 0.0 15.4 0.0 7.7 3 9
Left Hand
Release Load (R L ) I t  appears that there is little difficulty in 
performing a simple opening of the fingers at the early stage as 
well as later in the learning period.
Transport Em pty (TE) Early in the study there was consider­
able trouble following the directions. The hand started to the work 
place but stopped enroute. It is quite evident that this subject 
corrected his motion pattern early in the study and did well there­
after.
Grasp (G ) There was considerable fumbling and delaying 
throughout the study in performing the grasping of parts from 
the tray (for this subject). From the kymograph data it appears 
that other subjects were having trouble here also. Further re­
duction of the cycle time would be anticipated by the perfection 
of this element of the cycle.
Transport Load and Pre-position (TL&PP) I t  is observed that 
this element is also one causing trouble; however, the trend shows 
the subject is still improving. Accordingly, this element is one 
which offers possibility for further reduction in the cycle time.
Hold (H) The Hold therblig is one that seems to have caused 
little trouble.
Right Hand
Hold (H) Again there appears to be no trouble holding.
Transport Load, Pre-position and Hold (TL,P&A ) This element 
was difficult for the subject to coordinate. At first 50% of his 
attempts had fumbles or delays, later 70% were so afflicted, and
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in his terminating stage the subject was co-ordinating this element 
of the cycle so that about only 1 0 % of his attempts were delayed.
Release Load (R L ) This element for the right hand as for the 
left seems to cause little trouble so far as fumbles and delays are 
concerned.
Transport Em pty  (T E ) The TE for the right hand was difficult 
to perform at first but later was quickly adjusted to the work— 
very much like the TE of the left hand. After the first sample 
period the performance time was not changed much.
Average A fter Practicing
50 1050 2550 5050 7550 10050 12550
TE of the LH 22.33 4.93 4.00 4.45 4.08 3.70 3.60
TE of the RH 22.69 8.73 6.38 5.97 7.24 6.39 8.00
Time in  thousandths of a minute.
Grasp ((?) In learning and co-ordinating the elements of the 
motion cycle, what appears to be an unusual manifestation has 
occurred in this element. Originally the grasp was not difficult 
to perform, but in learning to co-ordinate the motions, trouble 
occurred and this trouble is shown in the grasp therblig; and 
towards the end of the study it is observed that practice alleviated 
the trouble—and apparently not at the expense of developing 
trouble in other elements.
By means of this type of analysis, learning troubles are found 
to be localized. In some eases they are quickly eliminated, other 
cases show slow adjustment, and finally other troubles sometimes 
occur as the result of the adjustments, but it is observed that if 
the practice continues the learning troubles such as fumbles and 
delays occur less frequently.
This analysis shows that for this subject, the learning has not 
been uniform for all therbligs. Some therbligs have been mastered 
very quickly and for some there was opportunity for improve­
ment after the completion of the study. I t would seem that during 
instruction of other subjects, special emphasis should be given to 
those therbligs which are more difficult to master.
The Effects of Fumbles and Delays on a Learning Curve 
Fumbling and delays that occur due to the lack of experience 
have much to do with the form of a learning curve. The film 
analysis permits the graphing of two learning curves—
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(1) one showing the normal curve, th a t is including all fum bles and de­
lays, and
(2) the other showing a learning curve which excludes fum bles and de­
lays. (Fig. 28)
By excluding these obvious fumbles and delays the learning 
curve is surprisingly flat. At the outset, the cycle time excluding 
fumbles and delays amounts to 63% of the total time, and at the 
finish of the study, the data excluding fumbles and delays amounts 
to 93% . 1 1
H Fumbles and Delays defined on page 13.
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There follows a mathematical analysis of the differences of the 
two learning curves:
The cycle tim e a t  the outset was .0521 M inute
The cycle tim e a t  the finish was .0272 M inute
The improvement was accordingly .0249 M inute
The improved performance can be traced to the following over­
lapping causes:
Reduction in fum bles and delays .0168 M inute
F aste r perform ance .0081 M inute
Total .0249 M inute
This analysis indicates that of the improvement obtained, about 
two-thirds may be assigned to the elimination of obvious fumbles 
and delays and only about one-third may be assigned to faster 
movements and better co-ordination. This proportion was some­
what surprising and may require reconsideration of some of the 
concepts of learning. I t may develop that the phenomenon known 
as rhythm, co-ordination, deftness, smoothness as distinguished 
from awkwardness may consist not of a general status but of the 
absence of specific and definable fumbles and delays. In other 
words, what we have considered commonly as a refined process 
in the development of skill may be actually a condition of absence 
of fumbles and delays in which the obvious fumbles and delays 
amount to about two-thirds of the time reduction and the remain­
ing one-third of the reduction are the refined fumbles and delays 
too minute to see by the unaided eye.
The Change in the Visual Pattern
During the early part of the learning period it was observed 
that occasionally the subjects did not perform the regular visual 
sequence. While normally the subjects were required to perform 
according to the instructions, this departure from the standard 
method was regarded as having special significance, and the sub­
jects were allowed to develop this departure in a natural manner.
According to the instructions, three visual fixations were to be 
performed in conjunction with the hand movements of each cycle. 
The first fixation was to occur as the left hand reached to grasp 
the part from the supply tray ; the eyes then were focused on the 
supply tray  selecting a part. The second fixation occurred as the
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Three fixation method. Two fixation method.
Pig. 29. Comparison of visual patterns.
right hand placed the part in the die, and at this time the eyes 
were focused on the die. The third fixation occurred as the tweezers 
in the right hand grasped the part being held by the left hand; 
the eyes then were focused on the part. (Fig. 29). The general 
tendency by the subjects—after thousands of cycles of practice— 
was sometimes to use three fixations and sometimes to use two, as 
distinguished from the exclusive use of either two or three. This 
mixture may in reality have been an intermediate stage of shifting 
from the use of three fixations to two fixations.
I t  is natural to question whether the subjects should have been 
instructed to use a two fixational pattern. In response to this 
question, there is well founded opinion that to do this would have 
caused considerable trouble. In  the early training, looking in 
sequence to the three places was essential.
When the subjects used the two fixational pattern the paths of 
the hand movements were the same; the only obvious difference 
was the points of fixations. The eyes would first fixate on the part 
during the transfer from the left hand to the tweezers in the right 
hand. The second fixation would occur when the eyes were focused 
on the die when placing the part in the die. (Fig. 29).
Comparison of Time for the Two and Three Fixational Methods
The film study provides quantitative data showing what pro­
portion of cycles were being performed by the two fixational 
method, and also a comparison of the average time values for each 
of the two methods during the transition.
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A fter
Practicing 5050 7550 10050 1255012
Number of
F ixations 
P er Cent
3 2 3 2 3 2 3 2
of Sample 
Average Time
90.0 10.0 81.0 19.0 56.3 43.7 60.0 40.0
in Minutes .0323 .0400 .0281 .0380 .0279 .0299 .0363 .0280
In summary it is observed after 10,05012 cycles of practice:
(1) th a t 44% of the sample consists of the two fixational methods, and
(2) th a t a trend  of the average tim e per cycle fo r each of the two 
methods indicates th a t i f  the  study had been carried on longer th a t 
the two fixational methods would have occurred still more frequently, 
and th a t
(3) the two fixational method would have taken  less tim e than the three 
fixational method i f  the study had been carried on further.
This is regarded as a rather original finding and it is important
because,
(1) The subjects (w ith one exception) were not aw are th a t th is  change 
was tak in g  place. They believed th a t they  were following the in ­
structions, (and they  actually  were so fa r  as the ir hands were con­
cerned) bu t somehow th ey  were not conscious of the visual pa tte rn  
change th a t was tak in g  place u n til tow ards the end of the study.
One subject (No. 1) questioned w hether a two fixational p attern  
would be desirable. This subject was asked not to  mention the 
suggestion and to  try  both  ways.
(2) Instructions by Industrial Engineers seldom include directions for 
the visual p a ttern . The fa c t th a t i t  appears na tu ra l fo r an operator 
to  change from  one method to  another w ithout showing apparent 
trouble such as a bulge in  the cycle tim e learning curve is a valuable 
finding. I t  is recognized th a t  changes of hand movements alone 
w ill cause various effects on th e  learning curve, b u t the d a ta  does 
not seem to m anifest any of th e  effects th a t the introduction of a 
change in  method would be expected to show. Also, i t  is of practical 
importance to the Industrial Engineer to know th a t he can instruct 
a worker a t the beginning to  perform  three fixations, and mention 
tha t ultimately only two fixations should be included. This may 
effect a fas te r learning period.
A Study of the Relation of the Eye Movements to the Hand 
Movements
The film data permits the making of a Simultaneous Motion Chart 
(Pig. 30) of the events as they occurred after practicing 10,050
i 2 Because of scanty data taken a t the 12,550 period the 10,050 stage is
generally referred  to  because i t  is s ta tistica lly  more significant.
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cycles. I t  shows the relation of one hand movement to the other, 
the relative duration of the visual fixations, and the instant the 
eyes started to shift. I t  also includes the action of the leg move­
ment.
The two fixational cycles are segregated from the three fixational
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cycles, and this offers additional information regarding the way 
the work was performed.
The Eyes Precede the Hand Movements
It was noted that in all therbligs requiring eye fixation, the 
eyes left the scene of action before the action was completed. (See 
Fig. 30). In making the transfer of the part from the left hand 
to the tweezers, the eyes moved away before the tweezers closed 
on the part. Likewise, when the left hand went to grasp a part 
from the supply tray, the eye moved away before the left hand had 
completed the grasp. Finally in locating the part in the die, the 
eyes moved away before the tweezers released the part.
From the viewpoint of the Industrial Engineer the practical 
result of this phenomenon is that the eye precedes the associated 
TE movement of the hand, and it is from this viewpoint that quan­
titative measurements were made.
The table that follows is a frequency distribution showing the 
extent to which the eyes precede the TE movement at the 10,050 
cycles of practice stage. I t  should be noted from Fig. 30 that all 
of these measurements include one release of about . 0 0 1  minute 
duration.
Time 3 F ixations 2 F ixations
(In  M inutes) TE to P a rts  TE to  T ransfer TE to T ransfer
. 0 0 0  /  ,/ //  //
. 0 0 1  /  / // //  / ///  /////
. 0 0 2  / / /  / // //  /////
.003 / / / / /  /  / /
.004 / / / / /  / /
.005
.012 /  (Excluded)
Average .0029 .0012 .0015
I t  may be that the table here shows more variation than would 
be normal for a fully experienced operator. It should be considered 
that subjects are in a learning stage, especially so in regard to the 
visual pattern. The unit for timing (.001 minute) is coarser than 
desired for such short intervals. Nevertheless the results do pro­
vide additional and important findings and lead to the question 
of whether one could forecast from the analysis of the motion cycle 
when the eyes will make the shift . 1 3
is The co-ordination of the visual pattern, with the pattern  of the hands 
is an im portant consideration in the use of standard time values.
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The Left Hand Transport Em pty  (T E )
Considering first the shift of the eyes from the transfer to the 
supply of parts it seems reasonable to expect that the eyes will 
direct the tweezers up to the part, and will observe the closure of 
the tweezers. It would then seem reasonable to expect that as soon 
as the tweezers are closed the eyes will shift simultaneously as the 
fingers RL. Actually, however, when the subject sees that he is 
closing the tweezers properly he starts to shift his eyes slightly 
before the RL begins. The data indicate that from the time of 
eye movement it is more than a thousandth of a minute before the 
left hand TE.
The Right Hand Transport Em pty (TE)
In a similar analysis for the right hand it would seem reasonable 
to expect that the eyes would move away as soon as the part were 
located in the die. This study shows, however, that the eyes start 
to shift .0012 minute on the average before the right hand TE 
begins.
These findings should be considered in the preparation of a 
synthetic motion cycle. A careful analysis of eye movements and 
eye fixations should be considered. One could not say that the eyes 
always leave so many thousandths of a minute ahead of a TE or 
a TL, because sometimes it may be necessary to visually check the 
part in the die after the hand is away from the die. However, a 
careful analysis of the visual work in conjunction with the hand 
work would make possible a reasonably accurate forecast of the 
co-ordination to be found between these members in a motion 
pattern.
Speed Run
At the end of the last normal run each subject performed fifteen 
cycles as fast as he could. This is called the Speed Run. I t  was 
explained to each subject that data were wanted which would re­
flect his most skillful performance at maximum effort. To be sure 
that fatigue would not affect the results only fifteen cycles of data 
were to be taken after the subject had gained “ momentum” by 
performing a few cycles. The following table has been prepared 
to show the percentage change from the final normal run to the 
“ speed ru n ” :
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The following conclusions were drawn from this tabulation:
(1) The subjects averaged 3% fas te r perform ance fo r the “ speed ru n ” .
(2) Perform ance during the regular kym ograph periods, although w ith ­
out specific directions fo r speed performance, was evidently  a t 
slightly slower speed than  top speed.
(3) I t  appears th a t the subjects all could perform  the TL&D element 
fas te r a t will, bu t i t  was a t the expense of the other two elements 
for th a t hand.
(4) The six subjects do not seem to follow a common trend  in  the 
changes caused by  the “ speed ru n ’ '.
Soldiering
If each subject after acquiring a known degree of skill decided 
to restrict his output, what would happen to the elemental time 
values? In order to explore this question the subjects agreed that 
they would hold back from top performance but only to such an 
extent that the tendency to hold back would not be apparent. The 
amount that each held back was a problem each individually solved. 
A table follows prepared to show the percentage change from the 
final normal sample to the soldiering sample.
The following conclusions are drawn from these data:
(1) The ex ten t to which the subjects increased perform ance tim e and 
yet considered i t  undetectable, varies w idely ranging from  11% to  
76%, averaging 41%.
(2) The averages of all elements are affected to some extent, the subjects 
averaging an increase of more th an  20% for each element.
(3) The element showing the greatest increase in  tim e was the TL,PP&H. 
This element provided a very  plausible excuse in  perform ing slowly, 
because as one observed the workers one could see th a t the ac t in ­
volved th ink ing  of how to tu rn  the p art, was causing the w orker 
in  th is element to make slow movements.
(4) There appears to  be no common p a tte rn  or trend  in  soldiering.
Rating of the Data
In computing the standard time for an operation, time study 
men consider the skill and effort and other demeanor of the worker, 
as judged by the time study engineer’s concept of a fair day’s 
work. Many investigators have approached the same problem by 
means of statistical studies of the data. The problem is to replace 
the subjective estimate of the observer with some objective charac-
http://ir.uiowa.edu/uisie/22
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teristic of the data itself. Stated in another way, it is the hope of 
the statistical investigators to find some formula or factor which 
can be applied mathematically to the data so as to yield a numerical 
expression of effectiveness of the operator under observation.
The ideal statistical correction factor would be one which reflects 
the difference between observed output and “ normal”  output not­
withstanding the presence or absence of skill, or the presence or 
absence of effort. The general theory seems to be that within each 
sample of data there are inherent qualities of skill and effort which 
may be evaluated by means of a statistical procedure, and which 
when evaluated, will accurately describe what was taking place 
during the study in regard to the skill and effort factors.
Two of the more usual statistical techniques, the Coefficient of 
Variation and the Merrick Factor, were tried, and the findings are 
presented below.
Coefficient
of
V a r ia t io n
îflTTTTïïTO
o  S o l d i e r in g  Date
The l i n e s  between th e  p o in te  denote  
tb e  sequence  f ro n  th e  1 s t  sample t o  
th e  ? th  s a a p le ,  and tbe  d i r e c t i o n  I s  
i n d ic a te d  by  tb e  arrow .
The eame s c a l e  l e  used  f o r  a l l  g raph s .
ATorage Cyc le  Time In  M inutes
S u b jeo t  Ho. Z S u b je c t  No, 3
S u b je c t  Ho. 6S u b jeo t  No. BS u b jeo t  No. 4
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The Coefficient of Variation
The coefficient of variation is a relative measure of dispersion, 
algebraically equal to the standard deviation times 1 0 0  divided by 
the arithmetic mean. Fig. 31 shows for each subject, and for the 
composite of all subjects, the relation of the Coefficient of Variation 
to cycle time. If  this relation followed some fixed pattern, we could 
conceivably use such fixed relation for arriving at expected cycle 
time when given only the Coefficient of Variation. However, the 
relationship on the chart is not sufficiently rigid to be of practical 
value.
In addition an effort was made to correlate two modifications of 
the Coefficient of Variation with cycle time. One of these modifica-
o
tions consisted of using /—  , and the other of using
VX
Pig. 32. Effectiveness of rating technique. Merrick factor vs. cycle time.
http://ir.uiowa.edu/uisie/22
Fig. 33. Effectiveness o f ra ting  technique. R ating factor (2) vs. cycle time.
Neither of these yielded a correlation of any practical value. See 
Charts in Figs. 34 and 35.
The Merrick System 
Under the Merrick System , 1 4  the abnormal values1 5  are eliminat­
ed and then the average of the remaining time values is divided 
by the lowest of the remaining time values. The quotient, which 
Merrick calls the deviation, will be referred to in this study as 
the Merrick factor in order that it will not be confused with the 
standard deviation. An average worker performing in good rhythm 
is supposed to have a Merrick Factor range from 1.15 to 1.30. A
I* Time Study as a  Basis for Rate Setting by D. V. Merrick, Chapter I I , 
Engineering M anagem ent Company, 1920.
is Merrick offers no general rule but suggests th a t observations 25% less 
th an  or 30% greater than  an adjacent item  be eliminated. He sta tes th a t 
strik ing  out of abnormal values “ is a detail th a t calls fo r fine judgm ent 
on the p art of the tim e study m a n "  op. cit. p. 12.
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Fig. 34. Effectiveness of rating technique. R ating factor (2) vs. cycle time.
study of the relation of Merrick Factor to cycle time (Fig. 32) 
shows that the correlation for these data is too flexible to permit 
precise usage.
Summary of this Section
An application of these mathematical rating techniques has 
failed in this study to disclose correlations which could be used with 
a high degree of reliability. While the charts referred to are on 
the basis of cycle time, the techniques were applied to the therblig 
times as well, and again with negative results. The charts for cor­
relation of these statistical factors with therblig times are not in­
cluded in this report.
CONCLUSIONS
Ordinarily a study of the conclusions reached in an investiga­
tion of this type will give to the reader a fair understanding of
http://ir.uiowa.edu/uisie/22
the problems encountered in the study. However, because of the 
pioneering nature of this study and because of the recondite nature 
of the findings, a study of the conclusions alone appears in this 
case to be inadequate, unless supplemented with some associated 
study of the details. For these reasons also, a special effort has 
been made to include, in the body of the report, much of the original 
data and of the essential details.
Summarized Findings of the Investigation
The learning curves for the various therbligs show marked dif­
ferences in characteristics. Some of them fall quite rapidly and 
others quite slowly. Clearly then the learning curve for the total 
cycle will be determined by the proportions in which the task con­
tains rapidly learned and slowly learned therbligs. In  the case of 
therbligs having no bearing on the cycle time, there is no definite 
tendency to reduce the therblig time as practice continues.
The elimination of noticeable fumbles and delays was in this 
study a greater factor in improving the cycle time than was the 
increase in speed alone. Here again, some therbligs are more sus­
ceptible to fumbles and delays than others, and the cycle time 
performance will be influenced by the kind of therbligs which go 
to make up the cycle.
The data are inconclusive as to whether the learning curve for 
any one therblig will be alike or unlike for all subjects. The data 
are also inconclusive as to whether any one subject will adopt a 
predictable pattern for handling the various therbligs.
I t  was found that the visual pattern used by the subjects changed 
during the course of the study, and for the most part this change 
took place unbeknown to the subjects themselves. I t  was also found 
that the eyes can and do leave the scene of action before the action 
is completed.
An effort by the subjects to slow up their pace as far as possible 
without the change being detected, resulted in changes in time 
for all therbligs but not uniformly. This same lack of uniformity 
was evident during an effort by the subjects to “ race” .
An effort to apply the mathematical rating techniques to the 
cycle time values yielded only negative results.
Application of the Findings to the Present State of the Time and 
Motion Study A rt
One of the important problems of scientific management is that
http://ir.uiowa.edu/uisie/22
of estimating, during a time study, the efficiency of the operator 
under observation. At present this is primarily a matter for sub­
jective judgment of the observer. It would seem that a more com­
plete understanding of the behavior of the therbligs should aid in 
the interpretation of the more usual data on behavior of the com­
posite cycles formed by collections of therbligs. The data produced 
by this study have in several respects, made more understandable 
the behavior of these therbligs. At the same time, the correlations 
obtained were too flexible to permit the use of therblig time data 
for directly aiding in the estimate of operator efficiency.
The study of the therbligs of an operation may be likened to 
viewing the operation through a microscope, for the performance 
of the therbligs is not discernible to the unaided eye. The data 
collected in this investigation are thus microscopic in nature, and 
because of the scarcity of other investigations of this kind, it is 
difficult at present to make accurate interpretation. I t  is also 
difficult at this stage to appreciate fully what practical value may 
result in the future from such microscopic studies. Certainly in 
the preparation of synthetic time standards, a more complete knowl­
edge of the nature of the therbligs will lead to a better appreciation 
of the nature and effectiveness of human motions. This is particu­
larly true with respect to hand and eye co-ordination, and the 
present study has yielded data of direct practical use in this con­
nection.
As might be expected, a study of a microscopic nature solves 
some problems but discloses other and more numerous problems. 
The fact that the therbligs possess varying patterns of behavior 
multiplies the questions which may be asked, and leaves a vast 
field for further investigation. One question which predominates 
is—What would be found if this microscope were focused on a 
therblig ? This and other questions will have to await the gradual 
accumulation of more data such as were collected in this study, 
and the gradual evolution of new hypotheses from which to pre­
pare new experiments.
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A PPE N D IX
COMPARING THE KYM OGRAPH METHOD AND THE  
MOVING PICTURE METHODS OF OBTAIN­
ING TIME DATA
The following are some of the considerations governing the choice 
of method for obtaining time values for laboratory use:
Consideration 
1. Adaptation
2. Application
3. W aiting Time
to Begin Anal­
ysis of Data
4. Accuracy
5. Measurement
Unit
6. Reviewing
Advantages
7. Costs Materials
Time for Re­
cording Data
Kymograph 
Requires more of engi­
n eer’s time in adapting 
workplace to kymograph.
Camera 
Common problems of pic­
ture taking usually only 
problems of best a r ­
rangement of lighting.
Detailed procedure in Check of camera equip- 
checking kymog r a  p h ment, lens opening, dis-
photoelectric cells, re­
lays, and sundry equip­
ment to be sure of 
record.
tance, and frame per 
second required.
Tape measurement may Processing of film and 
be made immediately mailing takes about one 
following study. week.
Accurate to better than Variations of s p r i n g  
1%. wound camera amount­
ing to a maximum 2 % 
variation.
.00001 Minute. .001 minute or .0025 
minute.
W hat actually took place The actual element* may 
cannot be reviewed. easily be reviewed.
Tape costs negligible. 
1.07 min. per element.*
Film cost high by con­
tra s t with paper tape. 
.49 min. per element.
Although the recording from the tape took twice as much time 
per element as did the film analysis, the cycle was a particularly 
difficult one to analyze from the tape.
by* This provides the opportunity for making some additional studies 
means of the picture record and the opportunity for stopping motion.
** More elements were isolated by the film study: Kymograph—8 Elements; 
Film Method—13 Elements.
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